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CHAPTER  I. 

MEDICAL  ELECTRICITY. 

Three  varieties  of  electricity  are  employed  in  medicine— friction 
electricity,  contact  electricity,  and  induced  electricity.'  The  first 
is  also  called  static  electricity;  the  last  two  are  included  under 
the  term  dynamic  electricity. 

The  first  question  which  suggests  itself  with  regard  to  them,  the 
importance  of  which  is  self-evident,  is  as  follows :— In  their  physio- 
logical and  therapeutical  applications,  when  it  is  desired  to  limit 
their  action  within  certain  organs,  is  it  a  matter  of  indifference 
which  of  the  three  varieties  is  employed  ?  In  other  words,  are  the 
physiological  and  therapeutical  properties  of  the  three  varieties 
identical  ? 

I  have  no  intention  to  set  forth  tlie  various  and  discordant 
opinions  which  have  prevailed  upon  this  point.  To  do  so  would 
be  to  enter  into  historical  questions,  which  I  am  desirous  as  far  as 
possible  to  leave  unnoticed.  But  I  must  observe  that  several 
physicians,  who  have  made  a  special  study  of  the  therapeutical 
applications  of  electricity,  have  remarked  certain  diflferences 
between  the  properties  of  the  static  and  of  the  dynamic  form. 
Fabre  Palaprat,  for  example,  taught  that  static  electricity  was 
cliiefly  applicable  to  paralysis  of  sensation,  and  to  the  excitation  of 
the  muscles  of  relation ;  whilst,  on  the  contrary,  contact  electricity 
was  only  adapted  for  the  excitation  of  the  muscles  of  organic  life, 
or  of  delicate  organs,  such  as  the  eye,  the  ear,  &c. 

These  statements  have  been  reproduced  in  many  special  treatises, 
although  they  did  not  rest  upon  any  serious  research ;  and  although, 
as  I  shall  presently  demonstrate,  they  were  not  in  harmony  with 
the  physiological  properties  of  the  different  forms  of  electricity. 
It  is  therefore  not  surprising  that  they  should  have  been  neglected 


[•  The  two  former  varieties  of  electricity  I  rainolosy  slioulrl  be  adopted  in  works 
are  now  commonly  termed  l)y  jjliysicista  i  devoted  to  the  medical  application  of 
franldinic  eJedriciiii  ami  voltaic  declricity.  1  electricity. — M.  ?'.] 
It  is  gi-eatly  to  l)e  desired  that  this  ter- 
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in  practice.  It  would  be  wrong,  however,  to  suppose  tliat  the 
therapeutical  action  of  electricity  is  always  the  same,  whatever  its 
source.  I  make  no  claim  to  have  entirely  solved  this  difficult 
question ;  but  I  hope  to  establish  that  friction  electricity,  contact 
electricity,  and  induced  electricity  possess  special  physiological 
and  therapeutical  properties,  and  that  each  of  tliem  will  fulfil 
particular  indications. 

Part  I. 

STATIC  ELECTRICITY. 

'    §  I. — Physiological  Properties. 

The  principal  methods  employed  for  the  application  of  static 
electricity  are,  as  is  well  known,  electrization  by  simple  contact, 
called  the  electric  bath ;  electrization  by  sparks ;  and,  lastl}'',  elec- 
trization by  the  I^eyden  jar.  The  other  methods  do  not  appear  to 
me  sufficiently  important  to  require  discussion. 

A. — Electro-positive  and  Negative  Baths. 

The  electric  bath  has  long  been  ranked  among  the  most  valuable 
therapeutical  agents.  According  to  Giacomini,^  the  positive  form 
is  apjilied  and  acts  in  the  following  manner  : — "  The  patient,  being 
insulated,  is  placed  in  contact  with  the  conductor  of  the  electrical 
machine.  The  whole  surface  of  the  body  is  thus  electrified,  while 
the  air  which  surrounds  the  body  is  rendered  electro-negative. 
The  positive  electricity  by  which  the  organism  is  charged  is  confined 
to  the  surface,  and  probably  accumulates  in  the  skin,  by  virtue  of 
the  law  above-mentioned,  for  it  has  no  effect  upon  any  internal 
organs.  Neither  the  pulse,  nor  the  secretions,  nor  the  intellectual 
functions,  nor  the  respiration,  undergo  any  particular  change  ;  and 
the  accumulated  electricity  which  constitutes  the  bath,  escapes  from 
all  points  of  the  epidermis,  from  the  hair,  beard,  and  nails,"  &c. 

Giacomini  attributes  a  hyposthenic  influence  to  the  electro- 
negative bath,  which  withdraws  from  the  body  a  greater  or 
smaller  quantity  of  its  natural  electricity.  This  is  done  by  in- 
sulating the  patient,  and  by  placing  his  body,  and  especially 
the  diseased  part,  in  connection  with  the  cushion  or  rubber  of  the 
machine.  The  plate,  being  then  turned,  discharges  vitreous 
electricity  in  proportion  as  it  has  accumulated.  It  is  evident, 
according  to  Giacomini,  that  the  electricity  yielded  by  the  cushion 
is  derived  from  the  nerves  of  the  patient,  instead  of  from  the 
ground,  as  iu  the  case  of  the  positive  bath. 


Cited  in  La  Bihliotheque  du  M^ecin  PracHciev.  Pnris.  imo.    Vol.  siv.  p.  90. 


STATIC  ELECTRICITY. 


5 


This  electro-physiological  theory  Las  certainly  not  been  founded 
npon  experiment ;  for  a  healthy  person,  subjected  to  an  electric 
bath,  eitlier  positive  or  negative,  does  not  exhibit  any  symptoms  of 
an  influence  either  excitant  or  hypostlienic. 

B. — Sfarhs,  and  the  Ley  den  Jar. 

Whatever  may  be  the  form  of  exciter  that  is  brought  into  con- 
nection with  the  conductor  of  an  electric  machine,  and  whatever 
may  be  the  distance  that  separates  this  exciter  from  the  skin,  the 
electricity  furnished  by  the  machine  in  action  will  reunite  with 
that  of  the  body  at  the  epidermic  surface,  with  a  greater  or  less 
degree  of  tension.  A  pointed  exciter  allows  the  electricity  to  escape 
easily;  with  a  knob  the  tension  is  greater  and  the  sparks  are 
less  frequent ;  but  each  of  these  forms  discharges  itself  by  a  single 
spark.  An  exciter  having  a  plane  snrl'ace  discharges  itself  by 
several  sparks  at  once  (from  two  to  five),  if  it  be  at  a  little  distance 
from  the  skin. 

A  metallic  brush  acts,  in  this  respect,  like  a  plane  surface : 
that  is,  it  gives  off  only  two  or  three  sparks  at  a  time,  whatever 
the  number  of  threads  of  which  it  is  composed.^ 

Static  electricity  applied  by  the  exciter — of  which  the  several 
actions  have  just  been  described — produces  always  the  same  sensa- 
tions, differing  only  in  their  degree.  These  sensations  may  be 
compared  to  those  produced  by  the  impact  of  a  small  substance 
striking  upon  the  skin.  They  are  always  disagreeable,  however 
weak  the  electric  tension.  The  feeling  is  never  very  acute,  nor 
like  that  of  a  burn,  or  a  puncture,  whatever  form  of  exciter  may 
be  employed.  After  a  time  the  skin  reddens  and  becomes  more 
sensitive.  To  render  the  discharge  more  painful,  it  is  necessary 
to  employ  a  degree  of  tension  that  can  only  be  obtained  by  a 
Leyden  jar  of  moderate  size,  sufficiently  charged ;  but  then  the 
excitation  will  be  no  longer  limited  to  the  skin,  and  will  prodjice 
the  effects  to  be  described  hereafter. 

Under  weak  tensiou,  the  action  of  static  electricity  can  always 


A  brush  of  badger's  hair  has  been  I  determine  a  current  of  uir  to  the  surface 
used  as  an  exciter;  and  this,  being  in  '  of  the  brush.  It  is  this  current,  analogous 
coiiiieetion  with  an  electric  machine,  and  \  to  that  wliich  is  formed  at  tlie  surface  of 
being  helil  at  a  short  distance  from  the  \  the  plate  of  an  electric  machine  in  move- 
skin,  occabions  a  sensation  of  coolness  ;  ment,  which  causes  the  sciif^ation  of  cool- 
and  a  very  slight  pricking.  Such  a  i  ness  produced  by  the  vicinity  of  the 
brush.  Itself  a  bad  Conductor,  is  chnrgcd  !  elcctiiflcd  brush  of  badger's  hair.  It  is 
with  positive  electricity,  the  excei^s  of  evident  that,  this  metliod  of  electriziition 
which  escapes  from  the  extremities  of  the  is  illusorv  ;  since  the  nulunil  electricity 
hairs,  to  undo  with  the  electricity  of  of  the  body  undergoes  no  appreciable  in- 
tiie  surrounding  aii-.  The  effect  is  a  series  fluence. 
of  rapid  and  successive  re-uuions  which 
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be  limited  to  tlie  slvin.  Sucli  is  the  tension  obtained  from  an 
electric  machine  of  medium  power:  which  is  hardly  enough  to 
produce  contraction  of  the  superficial  muscles,  especially  if  the 
cellular  tissue  be  rather  abundant ;  and,  if  produced,  the  contrac- 
tions will  be  incomplete. 

Although  it  is  possible  to  confine  the  action  of  static  electricity 
to  the  skin,  it  is  not  possible  to  concentrate  its  power  upon  the 
muscular  tissue  or  upon  the  sub-cutaneous  nerves.  In  fact,  the 
superficial  action  of  this  form  of  electricity  is  inseparable  from 
its  deep  action.  In  the  latter  the  electric  recomposition  is  still 
effected  at  the  epidermic  surface,  and  produces  a  cutaneous  sensa- 
tion that  obscures  the  muscular. 

The  tension  obtained  by  means  of  a  Leyden  jar  enables  the 
current  to  penetrate  througli  a  considerable  thickness  of  tissue. 
Thus  the  current  from  the  jar  is  sufficient  to  jproduce  energetic 
muscular  contraction ;  but  however  feeble  may  be  the  tension,  so 
long  as  it  can  be  measured  by  Lane's  electrometer,  it  always 
produces  a  shock,  that  is  to  say,  a  contraction  and  a  sensation 
which  extends  beyond  the  point  excited,  and  which  is  felt  most 
acutely  in  the  nervous  centres. 

If  the  exciter  be  placed  over  a  nervous  trunk,  the  sensation  is 
like  that  produced  by  a  severe  contusion  of  the  nerve,  and  is  fol- 
lowed by  a  numbness  that  extends  almost  to  tlie  ultimate  rami- 
fications. With  a  sufficient  degree  of  tension,  acting  either  upon 
a  nerve  or  upon  muscular  tissue,  the  shock  is  so  strong  that 
the  whole  limb,  or  even  tlie  whole  body,  seems  as  if  struck  by 
lightning. 

At  the  spot  at  which  a  Leyden  jar  is  discharged,  the  skin 
gradually  loses  colour  over  an  area  of  two  or  three  centimetres  in 
radius,  and  becomes  of  a  dull  white  in  a  few  seconds.  The  ner- 
vous papillae  stand  erect  upon  the  blanched  surface,  which  is  also 
somewhat  lowered  in  temperature.  The  person  on  whom  the 
experiment  is  tried  sometimes  experiences  a  feeling  of  numbness. 
Analogous  phenomena  appear  to  take  place  in  the  muscular  tissue 
subjacent  to  the  portion  of  skin  that  is  acted  upon.  I  have  had 
occasion  to  make  an  electric  discharge  upon  the  surface  of  a 
denuded  muscle,  and  this  muscle  lost  somewhat  of  its  colour,  over 
a  small  space,  for  some  time.  The  cutaneous  local  phenomena 
last  generally  from  twenty  to  thirty  minutes ;  and  once,  in  a 
delicate  person,  I  saw  them  continue  for  three-quarters  of  an  hour. 
After  this  time,  the  blanched  spot  passes,  in  a  few  minutes,  from  a 
dull  white  to  an  erythematous  redness,  and  undergoes  an  elevation 
of  temperature  appreciable  by  the  thermometer,  and  sometimes  by 
the  sensations  of  the  patient. 
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It  is  universally  known  that  the  discharges  of  static  electricity- 
are  very  small  in  quantity ;  and  that  for  this  reason  their  calorific 
and  electrolytic  efCects  are  feeble. 

rinally,  the  exciting  action  of  the  negative  pole  is  greater  than 
that  of  the  positive,  as  is  also  observed  in  galvanic  electricity.'' 

The  organic  phenomena  just  described  appear  to  me  to  establish  : 
(1)  that  the  discharge  of  a  Leyden  jar  produces  at  first,  locally,  a 
profound  torpor,  by  suspending,  for  a  time,  the  capillary  circula- 
tion, and  by  diminishing  the  calorification  in  the  tissues  upon 
which  it  acts ;  (2)  that  the  excitement  produced  by  this  method 
of  electrization  is  only  a  kind  of  reaction,  as  shewn  by  the  erythe- 
matous redness,  and  by  the  augmentation  of  temperature  in  the 
parts  formerly  bleached ;  (3)  that  the  reaction  is  established  with 
different  degrees  of  facility. 

§  II. — Therapeutical  Properties. 

The  electro-positive  bath,  formerly  used  as  a  general  excitant  of 
the  surface  of  the  body,  is  now  commonly  abandoned,  its  therapeu- 
tical being  as  little  discoverable  as  its  physiological  action. 

It  is  not  the  same,  it  is  said,  with  the  electro-negative  bath, 
which  is  ranked  by  the  Italian  school  among  their  most  valuable 
hyposthenisants.  According  to  G-iacomini,  the  patient  subjected 
to  this  bath  is  de-electrized,  is  consequently  deprived  of  a  greater 
or  less  quantity  of  a  stimulant  analogous  to  heat,  and  undergoes  a 
real  hyjDosthenisant  effect.  Erysipelatous  tissues  may  be  seen  to 
become  blanched  under  its  influence ;  and  chronic  inflammations 
undergo  an  unquestionable  improvement.  Headaches,  and  neu- 
ralgic pains,  have  been  instantly  relieved  by  this  kind  of  electric 
flux,  as  by  the  application  of  ice,  which  abstracts  heat,  and  perhaps, 
at  the  same  time,  electricity  also.  Such  are  the  virtues  attributed 
to  the  electro-negative  bath. 

This  notion  of  an  electric  flux  may  impress  the  imagination ; 
but  it  is  difficult  to  believe  that  the  hyposthenic  effect  is  less 
doubtful  than  the  excitant  property  once  attributed  to  the  positive 
bath.  It  would,  however,  be  wrong  to  condemn  a  therapeutic 
agent  solely  on  the  ground  of  the  nullity  of  its  physiological  action, 
especially  when  it  is  supported  by  an  authority  so  great  as  tliat  of 
Giacomini.  It  is  therefore  necessary  to  determine  by  fresh  trials 
what  is  the  actual  value  of  the  electro-negative  bath. 


■*  This  important  fact  wfis  discovered  j  siologiques  prndmfs  j'lor  V  t'leclricittf  trans- 

by  M.  Chauvouu,  the  Director  of  the  |  mise  dans  Vorqanisme  animal  a  I'dlat  de 

anatoniicnl  nnd  physio] on;ical  courses  at  !  co7tranl  instaiitand,  et  a  I'Hat  de  amrani 

the  Inijierial  Veterinary  School  at  Lyons.  ]  continu.' 

Wee  Ilia  memoir:  '  Tkdoric  des  efeta  jjhy-  \ 
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Electrization  by  sparks  produces  a  sensation  analogous  to  that 
of  whipping,  and  appears  principally  adapted  for  cases  in  which 
it  is  necessary  slightly  to  stimulate  the  skin;  altliough  it  would 
be  insufficient  if  very  active  stimulation  were  desired.  In  fact, 
to  obtain  such  active  stimulation,  it  would  be  necessary  to  have 
recourse  to  static  electricity  of  high  tension,  such  as  would  be 
furnished  by  the  Leyden  jar,  and  which  would  also  produce  such 
muscular  contractions  and  general  shock  as  to  complicate  the 
action  upon  the  skin,  and  to  contra-indicate  the  employment 
of  the  agent.  Electrization  by  sparks  is,  therefore,  useless  in 
cases  of  profound  and  obstinate  anaesthesia,  or  where  it  is  wished 
to  produce  an  instantaneous  revulsion,  such  as  would  be  effected 
by  the  actual  cautery. 

Electrization  by  sparks,  even  when  they  are  yielded  by  a 
powerful  machine,  and  by  spherical  exciters,  is  only  able  to  produce 
contraction  of  some  superficial  or  very  excitable  muscles,  such  as 
the  platysma,  the  upper  half  of  the  sterno-mastoid,  the  margin 
of  the  trapezius,  and  some  muscles  of  the  face.  In  order  that 
static  electricity  may  affect  the  muscles  generally,  especially 
when  they  are  covered  by  an  abundance  of  cellular  tissue,  it  would 
be  necessary  to  employ  a  high  tension  by  means  of  a  Leyden  jar. 
But  the  resulting  shock,  which  would  possibly  extend  to  the 
nervous  centres,  would  render  such  an  operation  dangerous  or 
impracticable. 

The  knowledge  of  the  local  organic  changes  produced  by  the 
discharge  of  a  Leyden  jar  enables  us  better  to  appreciate  the  thera- 
peutic action.  It  has  been  already  shewn  that  an  organ  so  elec- 
trified only  undergoes  excitation  after  having  suffered,  for  some 
time,  from  all  the  effects  of  torpor.  It  is  easy  to  conceive  that  if 
any  organ  were  exposed  to  discharges  too  frequent  or  too  powerful, 
or  if  its  vitality  were  already  depressed,  the  stage  of  electric  torpor 
might  be  indefinitely  prolonged. 

However  favourable  may  be  the  conditions  under  which  it  is 
attempted  to  practise  muscular  electrization  by  the  Leyden  jar,  it 
will  always  be  imprudent  to  expose  the  patient  to  many  discharges. 
Jlence  it  would  be  impossible  to  electrify  all  the  muscles  in  cases  of 
paralysis  of  one  or  more  of  the  limbs. 

Moreover,  the  operation  is  always  painful ;  since  the  cutaneous 
excitation  inseparable  from  the  use  of  static  electricity  increases  in 
proportion  to  the  increase  of  tension. 

It  appears,  then,  on  the  whole,  that  the  excitation  of  muscles  by 
static  electricity  ought  generally  to  be  excluded  from  practice,  and 
the  more  so  since  it  may  be  replaced  by  another  electric  agent, 
which  will  be  desciibed  in  the  third  section  (induced  electricity) : 
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and  vvliich  excites  muscular  contractility  and  sensibility  in  a  more 
energetic  and  effectual  manner  than  the  former,  without  any  of 
the  inconveniences  that  I  have  described.  I  purpose  to  point  out 
in  the  sequel  the  cases  in  which  its  employment  will  be  useful  or 
necessary. 

It  is,  however,  incontestable  that  static  electricity,  which  for 
many  years  was  used  exclusively  in  medical  practice,  has  wrought 
some  cures  seemingly  marvellous.  These  results  shew  only  that 
certain  paralyses  are  always  cured  by  electricity,  in  whatever  form 
and  manner  it  may  be  employed.  Unfortunately,  these  cases  have 
been  so  rare  that  this  mode  of  using  electricity  has  not  borne  the 
test  of  time,  and  has  been  many  times  laid  aside  by  physicians 
after  having  been  taken  up  with  some  degree  of  enthusiasm. 

[Friction  electricity  is  used  somewhat  largely  at  the  National  Hospital 
for  the  Paralysed  and  Epileptic.  It  has  been  found  in  the  practice  of  this 
Hospital,  and  in  private  cases  coming  under  my  own  observation,  of  consider- 
able value  in  the  treatment  of  the  following  affections : — 

(a)  Facial  A'euralgia,  which  has  resisted  other  modes  of  treatment,  is 
occasionally  reheved  Avith  rapidity,  and  permanently,  by  drawing  sparks 
along  the  teacks  of  the  affected  branch  or  branches  of  the  trifacial  nerve. 
Occasionally  also,  but  less  commonly,  electrization  by  sparks  has  partially  or 
altogether  relieved  obstinate  sciatica. 

{b)  Facial  Spai-m. — A  remarkable  instance  of  the  effect  of  electrization  by 
sparks  in  relieving  facial  spasm  {tic  convuJsif)  occurred  in  the  case  of  a 
hospital  patient  under  the  care  of  Dr.  Eadcliffe.  The  patient  was  a  female 
forty-eight  yeai-s  of  age,  and  she  had  suffered  for  thirteen  years  from  spasm  of 
the  muscles  of  the  left  side  of  the  face.  The  distortion  produced  by  the 
spasm  was  very  great,  and  was  apt  to  be  so  much  exaggerated  by  shght 
emotion,  even  such  as  would  be  caused  by  having  to  address  a  stranger,  as  to 
make  speaking  difficult,  and  to  prevent  proper  attention  to  her  occupation  as 
a  small  shopkeeper.  Dr.  Eadcliffe  directed  an  experimental  trial  of  electriza- 
tion by  sparks  along  the  lines  of  the  nerves  distributed  to  the  affected 
muscles.  After  the  third  application  the  spasm  was  manifestly  reheved,  the 
distortion  being  diminished,  and  the  consecutive  paroxysms  occurring  less 
frequently.  By  persisting  witli  this  treatment  thrice  weekly  over  a  period  of 
two  months  so  great  an  amoimt  of  relief  was  obtained  that  little  distortion 
of  the  face  remained,  and  the  patient  was  able  to  pursue  her  business  with 
comfort. 

(c)  Eysterical  Jp7,onia. — Electrization  by  sparks  over  the  larynx  has 
proved  in  the  practice  of  the  hospital  so  effective  in  the  reh'ef  of  cases  of 
emotional  aphonia,  even  those  of  long  'standing,  that  it  is  now  almost 
invariably  used  iu  the  treatment  of  these  cases  before  having  recourse  to 
induced  electricity.  In  six  or  seven  recent  cases,  electrization  by  spai'ks 
repeated  twice  or  thrice  effected  a  complete  cure.  One  of  tliese  cases  was  of 
nine,  another  of  six  months'  duration.  The  remainder  had  lasted  from  four 
weeks  to  three  months.  The  seventli  case  did  not  receive  any  benefit  from 
the  use  of  static  electricity,  and  the  other  forms  of  the  agent  proved  equally 
inefiective.    The  case  recovered  slowly  under  general  treatment. 

(d)  Hysterical  hypera;sthesia.~'EleGtv\zixtion  by  sparks  over  the  affected 
spot  has  often  proved  of  gi-eat  benefit  in  removing  the  localized  excessive 
sensitiveness  not  unfrcqucntly  found  in  hysterical  cases,  particularly  in  the 
spinal  region. 

((')  Trimoi-,  whether  general  or  local,  is  sometimes  largely  relieved  by 
insulating  the  patient,  and  charging  him  with  positive  electricity  for  n 
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period  of  from  twenty  minutes  to  half  an  hour.  For  an  examination  of  tlie 
probable  influence  of  I'riction  electricity  in  tiie  treatment  of  painful  and 
spasmodic  afiections  consult  Dr.  Eadclilfc's  '  Lcctiu-es  onEpilejitic,  Spasmodic, 
Neuralgic,  and  Paralytic  Disorders  of  the  Nervous  System.'— 77.  2'.] 

Paet  II. 

CONTACT  ELECTRICITY  (GALVANISM). 

The  term  dynamic  electricity,  that  is  to  say,  electricity  in  motion, 
has  been  used  to  denote  the  electricity  produced  by  contact 
{galvanism),  and  the  electricity  caused  by  induction.  This  form, 
obtained  from  voltaic  piles,  or  from  an  electro-magnetic  apparatus, 
possesses  physiological  and  therapeutical  properties  essentially 
different  from  those  of  static  electricity. 

The  most  important  property  of  dynamic  electricity,  regarded 
from  a  physiological  or  therapeutical  point  of  view,  is  that  by 
which  its  action  can  be  directed  to,  and  limited  within,  almost  any 
organ  of  the  body.  It  is  shown,  indeed,  by  my  experiments,  that 
we  may  at  pleasure  confine  this  agent  to  the  skin,  or  may  cause  it 
to  penetrate  the  skin,  without  puncture  or  incision,  and  may  limit 
its  action  to  the  subjacent  organs,  the  nerves,  tlie  muscles,  or  even 
the  bones.    Of  this  I  shall  give  evidence  in  the  sequel. 

The  cutaneous  sensation  produced  by  dynamic  electricity  may 
range  from  a  simple  titillation  to  the  most  acute  pain.  The  exci- 
tation thus  produced  may  always,  by  the  use  of  special  means, 
be  confined  entirely  to  the  skin,  whatever  be  the  power  of  the 
current. 

The  same  electro-dynamic  force,  directed  upon  a  muscle,  or 
upon  a  nerve-trunk,  has  power  to  produce  the  most  energetic 
muscular  contraction,  without  any  of  the  general  shock  that  charac- 
terises the  action  of  static  electricity,  and  that  usually  forbids  its 
employment. 

Such  are  the  principal  effects  to  be  obtained  from  dynamic  elec- 
tricity, which  includes  contact  electricity  {galvanism)  and  induced 
electi'icity. 

But  each  of  these  forms  of  dynamic  electricity  possesses  special 
properties,  physical,  chemical,  and  physiological,  such  as  to  prevent 
them  from  being  employed  indifferently  in  practice.  These  special 
properties  may  even  fulfil  certain  determinate  indications,  and  they 
therefore  require  to  be  separately  considered. 

§  I. — Physiological  Froperties. 
Quantity  and  tension  being  equal,  every  form  of  electro-motor 
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apparatus  of  contact  has  the  same  pliysiological  properties,  wliat- 
ever  may  be  the  nature  of  the  elements  composing  it.^ 

The  apparatus  can  be  constrnoted  so  as  to  furnish  electricity  in 
greater  quantity,  or  of  higher  tension,  according  to  the  effects  that 
it  is  desired  to  obtain ;  but  whatever  is  done,  the  different  effects 
are  produced  simultaneously,  and  cannot  be  completely  isolated 
from  one  another. 

The  intermittent  galvanic  current  exerts  a  triple  physiological 
action  at  each  intermission  :  one  at  the  moment  of  completing  the 
current,  a  second  at  the  moment  of  breaking  it,  a  third  during 
the  interval  between  these  acts.  The  physiological  action  produced 
at  the  instant  of  interrupting  the  circuit  is  weaker  than  that  at  the 
instant  of  completing  it.  Thus,  with  a  pile  of  thirty  pairs  of  Bun- 
sen's  elements,  muscular  contraction  is  not  produced,  in  the  human 
subject,  by  interrupting  the  current ;  even  when  moist  rheophores 
are  applied  over  a  portion  of  skin  corresponding  to  the  surface  of  a 
inuscle :  but  by  the  same  procedure,  the  electro-physiological  effect 
is  very  manifest  at  the  completion  of  the  current.  The  power  of 
the  interruption  increases,  however,  in  proportion  to  the  number 
of  elements  in  the  battery.  It  appears  to  me  that  a  Bunsen's 
pile  of  120  pairs  produces  at  the  moment  of  interruption  a  con- 
traction about  equal  to  that  produced  by  a  pile  of  twenty  pairs 
at  the  moment  of  completion. 

The  physiological  action  produced  in  the  period  between  the 
completion  and  the  interruption  of  the  current  is  more  manifest 
the  longer  this  period  is  prolonged.  The  current  passing  during  the 
period  is  called  continuous. 

Galvanic  electricity  can  be  applied  either  by  continuous  or  by 
interrupted  currents. 

The  continuous  current,  limited  to  the  skin,  excites,  besides  the 
phenomena  of  sensibility  above  described,  an  organic  effect  more 
or  less  considerable,  from  a  simple  erythema  to  the  production  of 
an  eschar.  This  organic  -effect,  due  to  the  calorific  and  electro- 
lytic action  of  galvanism,  is  produced  but  gradually  ;  at  least  if  the 
battery  employed  be  not  very  powerful. 

A  constant  and  very  intense  continuous  current,  traversing  a 
limb  longitudinally,  appears  only  to  produce  fibrillar  and  oscillatory 
or  irregular  contractions  ;— provided  that  the  current  was  feeble  at 
the  moment  of  its  completion,  and  was  then  rapidly  raised  to  its 
maximum.  Such,  at  least,  was  the  result  of  a  trial  made  upon  my- 
self witli  a  pile  of  120  pairs  of  Bunsen's  elements.   The  continuous 


*  Tho  quantity  of  electricity  fuinislied  1  mrface  of  tlic  elements.  The  tension  is 
»y  a  pilo  is  in  direct  proportion  to  tlie  |  in  proportion  to  tlieir  number. 
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current  also  produces  plienomena  of  calorification  in  the  deepest 
parts  of  the  organism.  The  sensation  tliat  I  experienced  was  sucli 
as  might  be  produced  by  the  circulation  of  a  hot  fluid  in  the  limb 
galvanized.  After  a  certain  time,  a  deep  continuous  current  pro- 
duces a  sensation  of  heat  that  becomes  insupportable ;  but  I  have 
lot  found  that  the  limb  is  actually  raised  in  temperature."  By 


'  When  I  first  recorded  this  experiment, 
I  committed  tlie  error  of  not  describing 
the  manner  in  which  it  was  performed  ; 
and  as  it  has  appeared  to  some  to  be  diffi- 
cult, if  not  impossible,  I  now  detail  the 
circumstances  :  —  At  the  time  when  M. 
Despretz,  Member  of  the  Institute  of 
Prance,  conducted  at  the  Sorbonne  his 
beautiful  researches  into  the  simplicity 
of  the  elementary  bodies,  I  found  in  liis 
laboratory  a  Bunsen's  pile  of  120  elements 
of  the  ordinary  size,  and  with  the  carbon 
in  the  middle.  It  was  with  this  pile  that 
,  I  worked.  It  is  jjrobable  that  it  no  longer 
possessed  its  full  power  ;  since  it  had  been 
a  long  time  in  action,  and  had  been  used 
for  numerous  experiments.  Still  its  j)ower 
was  such  that,  on  grasping  in  each  hand 
a  metallic  rheophore,  covered  with  leather 
thoroughly  wetted,  I  found  it  diflScult 
to  supj)ort  the  shock  caused  by  tlie 
completion  of  a  current  of  from  forty  to 
fifty  elements.  In  order  not  to  expose 
myself  to  the  shock  of  the  action  of  120 
elements,  I  opj)osed  to  the  passage  of  the 
current  the  resistiince  of  a  column  of  dis- 
tilled water,  ten  centimetres  in  length,  by 
placing  in  the  circuit  a  tube  filled  with 
the  water  ;  sufh  as  will  be  described  here- 
after (Ch  ip.  IV.)  under  the  name  of  a 
moderating  tube.  After  having  received 
the  shock  of  the  completion  of  the  current, 
which  was  thus  greatly  weakened,  I 
gi'nduaUy  increased  its  power,  by  dimi- 
nishing the  distance  that  it  had  to  pass 
through  water,  until  the  continuous  cur- 
rent reached  me  in  its  full  force.  I  was 
surprised  to  find  that  I  could  bear  this 
current  long  enough  to  effect  the  ex- 
periment of  which  I  have  recorded  the 
results.  My  skin  remained  unchanged, 
because  my  hands  and  the  rheophures 
were  freely  wetted,  because  the  epiiicrmis 
of  the  palm  of  the  hand  is  thick,  and 
because  the  experiment  was  only  of  short 
duration.  Tlie  skin  of  other  parts  of  the 
body,  if  exposed  to  such  a  current,  would 
doubtless  have  been  burnt  more  or  less 
deeply,  and  would  have  suflered  intoler- 
able pain.  The  methotl  pursued  had  the  j 
advantage,  by  uvoiliiig  cutaneous  pain,  | 
of  rendering  it  possible  to  analyse  the 
deeper  sensations  ftiused  by  the  jiansage 
of  such  a  current  in  a  longitudinal  dircc-  ; 
tioii  through  the  nerves  and  muscles  of  ' 


the  upper  extremities.  I  was  unable  to 
continue  the  experiment  with  the  pile  of 
120  couples  longer  than  from  thirty  to 
forty  seconds;  although  I  could  bear  the 
current  from  20  or  30  couples  for  from  ten 
to  twenty  minutes.  Subsequently  I  tried 
experiments  witii  a  pile  of  40  elements  of 
protosulphate  of  mercury,  such  as  I  shall 
describe  shortly  (one  of  tliese  elements  is 
nearly  equivalent  to  two  of  Daniell's).  I 
immersed  each  of  my  h  mds  in  a  basin 
placed  in  communiciition  mth  one  of  the 
electrodes ;  and  in  this  way  allowed  the 
continuous  current  to  pass  for  nearly  ton 
minutes.  I  could  have  borne  it  for  a  much 
longer  time.  The  fii'st  time  that  I  pro- 
ceeded in  this  way,  I  felt,  after  two 
minutes  of  the  continuous  current,  a  kind 
of  fibrillar  oscillatory  contraction  in  the 
flexors  of  the  thumb  and  fingers.  A  sen- 
sation of  somewhat  painful  stiifness,  in 
the  same  regions,  hd  me  to  infer  the 
existence  of  a  continued  spasm,  although 
I  could  not  prove  this  by  the  movements 
of  the  thumb  and  fingers.  The  operation 
was  followed  by  a  feeling  of  fatigue  in  the 
arms.  On  the  day  following,  the  same 
experiment,  performed  in  tlie  same  man- 
ner and  under  similar  conditions,  yielded 
an  almost  identical  result.  The  feeling 
of  fatigue  that  I  experienced  in  the  an- 
terior regions  of  the  forearms  and  arms, 
if  not  exactly  painful  was  at  least  very 
uncomfortable.  I  have  repeated  the  ex- 
periment very  often  upon  myself,  and  also 
upon  other  persons ;  and  I  have  always 
observeil,  during  the  passage  of  the  con- 
tinuous cm-rent,  somi  times  the  fibrillar 
aintractions,  sometimes  only  the  sensa- 
tion of  stilfness  in  the  muscles  of  the 
forearm,  or  of  the  arm,  but  in  an  irregular 
manner.  A  similar  trial  made  with  tlie 
lower  extremities  by  placing  the  feet  in 
basins  connected  with  the  jwles  of  the 
pile,  produced  only  numbness  and  fatigue ; 
I  have  sometimes  seen  fibrillar  con- 
tractions. Each  experiment  commonly 
lasted  from  ten  to  twenty  minutes.  (I 
shall  return  to  this  subject  in  the  third 
chapter.) 

I  ought  to  odd  that,  in  all  my  experi- 
ments male  ujion  cither  tlic  snjiorior  or 
inferior  oxtremitios,  by  plunging  the  hands 
or  feet  in  basins  of  water  connected  with 
the  pile,  sensations  of  pricking  wore  felt 
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diminishiug  the  number  of  pairs  of  elements,  the  phenomena  above 
described  diminish;  and,  when  there  are  only  fifteen  or  twenty 
couples,  they  become  at  last  inappreciable. 

Is  the  continuous  current  really  an  hyposthenisant  of  nervous 
force  ?  If  we  may  apply  to  mankind  the  results  obtained  by  vivi- 
section, the  reply  should  be  in  the  affirmative.  We  know,  in  fact, 
that  a  continuous  current,  passed  for  a  certain  time  through  the 
nerves  or  the  limbs  of  an  animal,  not  only  diminishes  the  motor 
power,  but  even  produces  paralysis.  I  shall  shew  in  the  sequel,  by 
the  results  of  exj)eriments,  that  this  kind  of  hyposthenisant  action 
is  not  appreciable  in  man.  (See  Chap.  III.)  With  regard  to  the 
action  of  the  continuous  current  upon  sensation,  although  after  a 
certain  time  it  produces  numbness  of  the  limb  through  which  it 
passes,  I  do  not  believe  that  it  can  be  considered  as  an  hypos- 
thenisant of  the  nervous  system,  or,  in  other  words,  as  an 
aucEsthetic. 

The  sensibility  of  the  skin  appears  to  me  to  be  more  acutely 
excited  by  a  galvanic  current  of  rapid  intermission  than  by  a 
continuous  current;  although  the  opposite  holds  good  for  their 
organic  action.  Thus  the  continuous  current  produces  a  more 
rapid  erythema,  vesication,  or  destruction  of  the  skin.  The  erection 
of  the  nervous  papillas,  and  the  disorganization  of  the  tissues, 
should  be  ascribed  to  the  action  of  the  continuous  current ;  and 
are  effects  to  which  the  periods  of  completion  and  of  interruption 
contribute  but  very  feebly.  It  is  fgr  this  reason,  doubtless,  that 
the  rapidly  intermittent  current  disorganizes  the  skin  much  less 
than  the  continuous  current.  Bat,  inasmuch  as  it  is  impossible 
to  avoid  the  continuous  action  that  takes  place  between  the  com- 
mencement and  conclusion  of  each  intermittence,  so  it  is  impossible 
to  excite  the  skin  galvanically  without  the  production  of  more 
or  less  organic  change.  The  calorific  action  of  the  negative  (zinc) 
pole  is  greater  than  that  of  the  positive  (copper  or  carbon  pole).'' 

Of  all  the  varieties  of  electricity,  it  is  the  galvanic  that  acts  most 
powerfully  upon  the  retina,  when  applied  to  the  face  by  means  of 
moist  rheophores.  A  galvanic  current  directed  upon  the  nerves 
of  the  fifth  pair,  or  even  upon  their  ultimate  ramifications,  exerts 
a  special  action  upon  the  retina ;  producing  three  luminous  sensa- 


in  the  skin  of  the  back  of  the  hands  or 
feet  respectively.  These  sensations  pro- 
gressively incrensod,  and  were  soon  re- 
placed by  one  analogous  to  tliat  produced 
by  the  action  of  a  strong  sinapism.  There 
was,  however,  no  vesication,  even  althougli 
the  current  was  continued  for  half  an  liour. 
(T  shall  refer  hereafter  to  the  practical 


importance  of  this  point.)  Lastly  the  sen- 
sibility was  always  most  strongly  excited 
in  the  part  or  limb  that  was  placed  in 
connection  with  the  negative  pole. 

'  It  has  long  been  known  thn-t  the 
other  cliemical  (electrolytic)  and  phy- 
siological phenomena  are  more  pronounced 
at  the  zinc  Dole. 
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tions  (phosjphenes)  at  each  intermission.  These  sensations  are  felt, 
the  first  and  most  powerful,  at  the  completion  of  the  circuit ;  the 
second,  much  less  powerful,  at  its  iaterruption  ;  and  the  third,  so 
feeble  as  only  to  be  perceptible  in  the  dark,  in  the  interval  between 
the  two  former.  To  whatever  point  of  the  face,  or  hairy  scalp,  the 
moist  galvanic  rheophores  are  applied,  they  always  produce  a  suc- 
cession of  luminous  sensations  of  a  very  dazzling  kind,  even  with 
an  extremely  weak  current — provided  that  the  region  excited  is 
supplied  by  the  fifth  pair.  The  luminous  sensation  only  affects 
the  retina  on  the  same  side  as  the  galvanic  excitation ;  and  it  be- 
comes larger  and  more  brilliant  as  the  exciters  are  brought  nearer 
to  the  median  line.  Lastly,  the  light  is  perceived  on  each  side, 
when  the  galvanic  exciters  are  placed  on  the  median  line,  where 
the  ramifications  of  the  fifth  pair  of  each  side  appear  to  be  blended 
together.  We  may  even  produce  the  electric  phosphene  by 
galvanizing  the  chorda  tympani ;  but  I  have  not  been  able  to 
do  this  with  induced  electricity.  (I  shall  return  to  this  subject 
at  a  convenient  opportunity.)  The  knowledge  of  this  special 
property  of  galvanism,  which  is  only  found  in  a  degree  infinitely 
less  developed  in  other  kinds  of  electricity,  is  of  the  highest 
importance  in  medicine,  as  the  sequel  will  shew. 

It  is,  however,  on  the  contractility  of  muscle  that  the  inter- 
mittent galvanic  current  displays  a  physiological  power  infinitely 
greater  than  the  continuous  current. 

The  galvanization  of  muscle  by  intermissions  excites  more  acute 
sensations  than  the  electrization  by  induced  currents. 

What  is  the  action  of  continuous  currents  upon  the  vascular 
nerves?  I  shall  return  to  this  important  question  in  the  third 
chapter,  which  is  devoted  to  a  critical  examination  of  the  different 
methods  of  electrization,  and  in  which,  after  having  tested  com- 
paratively the  therapeutical  action  of  continuous  cm-rents  in  the 
treatment  of  atrophic  paralysis  and  of  atrophy,  I  shall  have  to 
inquire  whether  the  beneficial  results  obtained  by  the  different 
kinds  of  electricity  can  be  explained  on  physiological  grounds; 
or,  in  other  words,  whether  we  have  any  accurate  knowledge  of 
their  action  upon  the  circulation  and  upon  the  vascular  or  trophic 
nerves. 

§  II. — TJierapeutical  Properties. 

The  galvanic  excitation,  which,  when  confined  to  the  skin,  may 
produce  there,  besides  very  acute  sensation,  a  considerable  organic 
effect,  such  as  erythema,  or  vesication,  or  even  an  eschar,  fulfils 
certain  special  indications.  It  is  adapted,  for  example,  to  tlie 
cases  in  which  it  is  desired  to  obtain  at  once  an  acute  iramediate 
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action  and  a  durable  effect,  analogous  to  that  of  tlie  moxa,  or 
of  cauterization  by  hot  iron. 

M.  Matteuei/  drawing  therapeutic  deductions  from  his  vivisec- 
tions, has  advised  the  employment  of  a  continuous  ascending 
current  in  tetanus,  as  an  hyposthenisant  of  the  nervous  system.  He 
says  it  is  natural  to  suppose  that  the  passage  of  a  continuous  cur- 
rent along  a  tetanized  limb  would  destroy  that  state  by  producing 
paralysis.  In  support  of  his  theory,  this  celebrated  physicist  cites 
a  case  in  which  tetanus  was  cured  by  the  influence  of  the  con- 
tinuous current.  The  fact  is  important;  but  it  requires  to  be 
confirmed  by  further  experience.  He  has  also  endeavoured  to 
establish,  on  electro-physiological  data,  a  method  of  galvanization 
by  continuous  currents,  for  the  treatment  of  paralyses  of  sensation 
and  of  motion.  I  purjDOse  to  examine  the  value  of  these  electro- 
therapeutic  deductions  in  the  third  chapter,  which  is  devoted  to  a 
critical  notice  of  the  different  methods  of  electrization. 

The  galvanization  of  muscles  by  intermittent  currents  may 
certainly  be  employed  with  advantage  in  the  treatment  of  paralyses 
of  movement,  and  of  muscular  atrophy ;  but  the  inconveniences 
inlierent  in  this  method  of  electrization  (its  calorific  action  and  the 
size  and  unwieldiness  of  the  necessary  apparatus)  render  the 
method  by  induction  generally  preferable. 

The  chemical  properties  of  electricity  by  contact  may  be  advan- 
tageously applied  in  therapeutics.  We  know,  for  instance,  how 
happily  they  have  been  utilized  by  surgeons  for  the  coagulation  of 
the  blood  within  aneurismal  sacs." 

What  is  the  therapeutic  value  of  continuous  currents  in  atroijliy 
and  atrophic  paralysis?  I  shall  return  to  this  question  in  the 
third  chapter. 

Galvanization  of  the  skin  is  not  applicable  to  the  treatment  of 
cutaneous  anaesthesia,  because  it  produces  vesications  and  eschars. 
But  the  calorific  action  of  galvanism  may  sometimes  be  employed 
with  benefit  in  surgery,  in  the  destruction  of  certain  tumours,  and 
in  the  cauterization  of  wounds,  either  used  as  an  actual  cautery  in 


'  Th-aitif  des  Phenoinenes  Eloctro-Phy- 
aiolociiqtiex  des  Animaux.    Paris,  1814. 

"  Although  thia  application  of  galvanic 
electricity  to  the  treatment  of  aneurisms 
has  been  for  some  time  abandoned,  it  is 
not  impossible  that  it  may  one  day  bo 
revived  with  some  success.  I  think  it 
•will  first  be  necessary  to  examine  what 
conditions  of  size  of  surface  and  number 
of  elements  should  be  cumbinod,  in  order 
to  obtain  considerable  electrolytic  action, 
while  tiie  calorific  action  is  masked  as 


much  as  possible. 

The  positive  pole  of  the  pile  exerts  a 
coagulating  action ;  while  the  negative 
pole,  on  the  contrary,  acts  as  a  solvent. 
The  idea  has  been  entertained  of  applying 
this  special  property  of  the  po.sitivo  "pole 
to  the  treatment  of  certain  tibro-plastic 
deposits  which  form  between  the  hunimu 
of  the  cornea.  The  first  attempts  of  tliis 
kind  appear  to  have  been  crowned  witli 
success. 
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the  manner  of  Middeldorf,  or  to  produce  electrolysis,  as  by  MM. 
Nelaton  and  Ciniselli.' 

By  reason  of  its  power  to  excite  tlie  retina,  galvanism  should 
be  applied  to  the  face  with  great  circumspection.  The  luminous 
sensation  produced  by  it  is  so  dazzliug  that  it  may  injure  the  sight 
if  the  application  is  too  prolonged,  the  intermissions  too  rapid,  or 
the  current  too  intense.    The  following  case  is  an  example : — 

Case  I.— For  about  a  month  I  had  electrified  a  patient,  suffering  from 
paralysis  of  the  muscles  of  one  side  of  the  face,  with  my  electro-dynamic 
apparatus  (an  induction  apparatus  with  battery).    Improvement  was 


'  It  was  in  France  that  the  caloriiac 
action  of  galvanism  was  fii'st  employed  as 
a  means  of  cauterization.  Eecamier  and 
Pravaz,  in  1841,  attempted  to  destroy 
cancers  of  the  neck  of  the  uterus  by  a 
galvanic  current.  In  1850  M.  Nelaton 
also  made  some  very  felicitous  applications 
of  the  calorific  properties  of  galvanism ; 
and  was  ably  seconded  by  M.  Jules 
Eegnauld,  then  chief  physician  in  his 
clinique,  who  contrived  a  galvanic  battery 
of  small  size,  easy  apphcation,  and  great 
heating  power  (Gaz.  des  Hopitaux,  1852). 
M.  Ne'laton  thought  that  this  method  of 
cauterization  might  be  employed  with 
advantage  in  cases  where  the  diseased 
part  was  deeply  situated — as  in  the 
pharynx,  for  example.  After  him  M. 
Alph.  Amussat,  and  in  Germany,  Dr. 
Middeldorf,  of  Breslau,  have  employed, 
in  analogous  cases,  the  cauterizing  power 
of  galvanic  currents,  with  no  less  success 
than  M.  Nelaton. 

The  electrolytic  action  of  galvanic  cur- 
rents has  also  been  applied  with  good 
i-esults  to  the  destruction  of  certam 
tumom-s.  Humphry  Davy,  in  1807,  was 
tlie  first  to  show  the  power  of  elec- 
tricity to  produce  decomposition  of  the 
body,  by  means  of  the  following  experi- 
ment. He  subjected  a  morsel  of  muscular 
fibre  to  the  action  of  a  pile  of  150  pairs 
for  five  days.  The  fibre  hardened  and 
dried  rapidly;  and,  when  incinerated,  it 
left  no  trace  of  saline  residue.  The 
potasli,  soda,  and  ammonia  had  gone  over 
to  the  negative  pole;  the  three  mineral 
acids  and  the  phosphoric  acid  to  the 
positive  pole.  Davy  obtained  similar 
results  by  subjecting  to  the  action  of  tlio 
battery  living  bodies  and  the  leaves  of 
plants.  Matteuci  has  also  shewn  the 
action  of  the  pile  upon  living  animal 
substances.  In  the  writings  of  Crusel 
we  find  the  fundamental  principles  of 
the  electrolytic  method.  In  1841  ho 
published  his  first  work,  — (Sur  Ic  gal- 
vanisme  commn  moyen  curatif  chimique 
contre  leu  mnladies   locales),  and  since 


then,  up  to  1849,  he  sent  a  succession 
of  memohs  and  papers  to  the  Academy  of 
Sciences,  in  which  he  first  called  the 
method  the  electrolytic  treatment.  The 
Academy,  when  solicited  to  make  a  report, 
declared  that  ''these  communicatious,  in 
the  opinion  of  the  commission  appointed 
to  examine  Iheui,  do  not  seem  sufficiently 
developed  to  allow  of  a  judgment  being 
formed  upon  the  method."  The  essays 
fell  into  oblivion ;  and  the  author  iiimself 
abandoned  the  practice  in  order  to  return 
to  the  galvanic  cautery,  for  whicli  lie  has 
since  substituted  a  hydrogen  flame  for  the 
destruction  of  tumours.  In  1860,  Cini- 
selli  recalled  attention  to  the  researches 
of  Criisel  upon  the  electrolytic  or  decom- 
posing properties  of  galvanism  as  apphed 
to  the  destruction  of  morbid  growths,  and 
made  a  communication  upon  the  subject 
to  the  Surgical  Society  of  Paris,  from 
which  I  have  taken  the  loUowiug  extract : 
''  My  first  attempts  at  electro-puncture 
have  led  me  to  the  axiom  that,  in  apply- 
ing electric  cm-rents  to  the  tissues,  it  is 
not  always  by  the  calorific  action  that 
scars  are  produced.  They  are  formed 
also,  even  frequently,  when  there  is  no 
appreciable  elevation  of  the  temperature 
of  the  conductors."  In  1862,  M.  Ciniselli, 
in  a  new  work,  proved  that  the  tissue 
changes  produced  by  electric  currents  are 
analogous  to  those  produced  by  potential 
caustics.  In  July  1861,  M.  Nelaton  had 
the  merit  to  be  the  first  to  popularize  elec- 
trolysis in  France.  —  (Ne'laton,  Comptes 
rendus  de  I'Acad.  des  Sciences,  1864).  He 
published  a  most  interesting  account  of 
the  destruction  of  a  naso- pharjmgeal 
jiolypus  by  the  electrolytic  method.  1 
need  not  farther  continue  this  history ; 
and  will  only  add  that  M.  Uinisclli  em- 
ployed a  columnar  Voltaic  pile,  composed 
of  from  20  to  40  or  more  elements ;  and 
M.  Nelaton  a  Bunsen's  battery  of  nine 
elements,  each  sixteen  centimetres  in 
height  by  eight  in  width,  and  of  high 
tension. 
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gradually  prodiiced.  The  exciters  were  applied  daily  to  the  paralyzed 
muscles  without  inconTsnience,  altliough  the  apparatus  was  of  considerable 
power.  The  sight  M'as  never  in  any  way  affected;  and  the  patient  never 
perceived  any  luminous  appeai-ance  during  the  operation.  One  day,  the 
inventor  of  a  new  galvanic  apparatus  applied  to  me  to  make  trial  of  his 
macliine.  Not  being  tlien  aware  of  any  facts  that  shewed  the  necessity  for 
caution,  I  directed  the  current  of  this  macliine,  at  its  weakest,  upon  the 
paralysed  muscles,  which  contracted,  but  much  less  strongly  than  they 
ordinarily  did  under  the  use  of  the  induction  apparatus.  At  the  same 
moment  the  patient  saw  a  considerable  light  in  the  eye  of  the  corresponding 
side.  He  called  otit,  "Your  room  seems  all  on  tire!"  He  begged  of  me 
that  I  would  desist  from  making  the  aijplication.  On  recovering  from  the 
.  dazzling  he  complained  of  much  obscui-ation  of  the  sight ;  and  could  not  see 
towai-ds  the  side  on  wliich  the  galvanism  had  been  applied.  The  other  eye 
did  not  suffer.  I  ordered  him  an  immediate  footbath,  and  a  blood-letting  on 
his  retm-n  home.  The  sight  did"  not  improve;  aud,  notwithstanding  the  use 
of  various  stimulants  and  of  an  appropriate  treatment,  only  very  slight 
amendment  was  obtained. 

It  is  to  tliis  accident  that  I  owe  the  discovery  of  an  action  of 
galvanism  on  the  retina,  far  more  powerful  than  that  of  induced 
electricity :  a  discovery  which  led  me,  in  its  turn,  to  researches 
into  the  different  properties  of  the  various  kinds  of  electricity 
with  regard  to  the  production  of  phosphenes. 

This  unfortunate  circumstance,  not  possible  to  have  been  fore- 
seen, ought  not  to  be  lost  to  science.  It  furnishes  therapeutic 
applications  that  are  of  great  importance  to  the  sick ;  shewing  that 
induced  electricity,  furnished  by  an  electro-dynamic  apparatus 
even  of  great  power,  has  no  sensible  action  upon  the  retina,  while 
galvanism,  even  in  a  very  feeble  dose,  energetically  influences  tliat 
organ.  It  is  therefore  legitimate  to  hope  that  the  judicious 
employment  of  the  electricity  of  contact  may  produce  therapeutic 
effects  that  will  be  useful  in  the  purely  nervous  affections  of  the 
eye.    >Such  expectations  have  been  confirmed  by  experience. 

To  sum  up  —  1.  Galvanic  electricity  acts  strongly  upon  the 
retina,  when  the  excitation  is  directed  upon  parts  in  which  the 
fifth  nerve  ramifies.  2.  This  kind  of  electricity  may  be  an  useful 
therapeutic  agent  in  purely  dynamic  affections  of  the  sight.  3. 
On  the  contrary,  induced  electricity,  yielded  by  an  electro-dynamic 
apparatus,  acts  very  feebly  upon  the  retina.  4.  But,  for  the 
reason  that  induced  electricity  is  insufficient  when  it  is  necessary 
to  stimulate  the  retina,  it  is  exclusively  adapted  for  the  cases  iu 
which  it  is  wished  to  stimulate  the  facial  muscles,  without  exposing 
the  retina  itself  to  the  perils  of  over-stimulation. 

Part  III. 

INDUCED  ELECTRICITY. 

Although  it  forms  no  part  of  my  present  plan  to  explain  the 
prmciples  that  govern  tlie  development  of  induced  currents  (prin- 
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ciples  tliat  may  be  found  in  any  treatise  upon  physics),  I  think  it 
necessary  to  state  certain  general  considerations,  which  must  be 
kept  in  mind  by  all  who  use  this  kind  of  electricity  in  electro- 
physiological experiments,  or  in  the  science  or  practice  of  medicine. 
Addressing  myself  to  a  medical  public,  generally  but  little 
conversant  with  the  technicalities  of  treatises  on  physics,  1  shall 
avoid  the  use  of  these  technicalities ;  and,  in  order  to  be  intel- 
ligible to  all  readers,  shall  express  myself  as  much  as  possible  in 
ordinary  terms. 

The  different  forms  of  induction  apparatus  derive  their  force,  as 
is  well  known,  either  from  a  galvanic  pile,  or  from  an  artificial 
magnet.  The  former  are  called  electro-dxjnamic,  the  latter  eleetro- 
magnetie  instruments.  Both  are  composed  of  a  wire  of  copper, 
covered  with  silk,  of  variable  length  and  thickness,  rolled  in  tiglit 
spirals  so  as  to  form  a  coil,  in  the  centre  of  which  is  placed  either 
a  bar  of  soft  iron  or  a  magnet.  In  most  of  the  electro-dymimic 
instruments  a  second  copper  wire,  finer  and  longer  than  the  first, 
is  rolled  around  it  so  as  to  form  a .  second  coil.  The  ordinary 
electro-magnetic  apparatus  has  only  a  single  wire,  rolled  around 
an  electro-magnet,  or  around  each  arm  of  a  magnet. 

It  is  also  well  known  that,  to  obtain  the  action  of  an  electro- 
dynamic  instrument  with  two  coils,  we  complete  the  communica- 
tion between  the  extremities  of  a  circuit  formed  by  an  electro-motor 
and  by  the  wire  rolled  round  the  central  bar  of  soft  iron  (the  wire 
of  the  primary  coil).  At  the  instant  when  this  circuit  is  completed, 
a  change  is  wrought  in  the  electric  state  of  the  wire,  and  also  of 
the  soft  iron — which  latter  becomes  for  the  time  a  magnet.  If  the 
circuit  be  opened,  a  new  electric  and  magnetic  change  is  produced ; 
the  natural  electricity  of  the  wire  returns  to  its  normal  state,  and 
the  iron  loses  its  magnetism.  It  is  only  at  the  moments  when 
these  changes  are  produced  that  the  phenomena  of  induction  are 
manifested  in  the  primary  coil,  by  the  material  influeuce  of  the 
spirals  and  of  the  temporary  magnet  upon  the  spirals  themselves ; 
so  that  no  electro-physiological  phenomena  are  observed  in  the 
intervals.  (Tiie  current  produced  under  these  conditions  is  called 
the  extra  current).  If  we  place  in  the  circuit  a  living  contractile 
organ,  the  muscle  of  a  frog  lor  example,  at  the  moment  when  the 
circuit  is  completed  the  muscle  contracts,  and  then  returns  to  its 
state  of  repose.  If,  then,  the  circuit  be  re-opened  the  muscle  again 
contracts,  but  this  contraction  is  much  less  energetic  than  the 
former.  The  same  electro-physiological  phenomena  are  produced 
by  the  current  proceeding  from  the  wire  rolled  around  the  first 
one,  and  induced  by  it.  And  if,  in  place  of  a  muscle,  we  put  a 
galvanometer  in  the  circuit  of  wire,  we  see  the  needle  deviate  at 
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every  completion  and  interruption  of  the  current,  but  in  opposite 
directions  for  the  two. 

The  current  that  is  instantaneously  developed  in  the  second  coil, 
at  the  moment  when  the  circuit  formed  by  tlie  first  coil  and  the 
battery  is  completed,  pursues  an  opposite  direction  to  that  of 
the  current  of  tke  battery.  It  is,  doubtless,  for  this  reason  that  it 
has  been  termed  the  negative  or  inverse  induced  current.  On  the 
contrary,  the  current  induced  in  the  second  coil,  at  the  moment 
when  the  circuit  of  the  first  coil  is  interrupted,  travels  in  the  same 
direction  as  that  of  tlie  generator  current,  and  is  called  the  positive 
or  direct  induced  current.  Lastly,  it  may  be  shown  that  the 
tension  of  the  induced  is  infinitely  greater  than  that  of  the  extra 
current.  It  therefore  foUows  that  the  identity  of  tlie  two  currents 
is  not  perfect ;  and  I  shall  hereafter  show,  experimentally  and  by 
clinical  observation,  that  the  two  currents  differ  essentially  as 
regards  their  physiological  action. 

I  have  stated  that  the  circuit  developed  in  the  first  wire  has 
been  called  by  authors  the  extra  or  inductive  current ;  and 
that  of  the  second  or  superimposed  wire  the  induced  current  of 
the  first  kind.  I  myself  formerly  called  them  the  current  of  the 
first  and  of  the  second  kind.  I  now  discard  these  appellations, 
in  order  not  to  introduce  confusion  into  scientific  nomenclature, 
and  because  the  new  terms  that  I  propose  are  most  in  accordance 
with  reason  and  physiology.  For  the  future  I  shall  not  employ 
the  expressions  formerly  used  to  denote  the  different  currents, 
because  these  expressions  are  liable  to  be  misinterpreted  by  the 
generality  of  practitioners,  who  are  not  familiar  Avith  the  history 
of  the  ancient  nomenclature.  I  shall  speak  of  the  esitra  cun'ent 
as  the  current  of  the  first  coil ;  and  of  the  current  of  the  first  kind, 
of  authors,  as  the  current  of  the  second  coil.  I  hope  that  these 
names,  perfectly  intelligible  to  everybody  and  not  opposed  to  any 
hypothesis,  will  be  generally  accepted  by  the  profession.^ 


^  The  experimental  researches  that  I  j  felt,  however,  that  I  was  justified,  in  an 
published  some  years  ago,  and  of  which  >  endeavour  to  express,  in  the  clearest 
I  may  say  that  their  exactness  has  never  j  manner  the  current  with  which  we  are 
been  disputed,  although  the  facts  have  '  now  concerned.  Perhaps  I  ought  to  ex- 
been  variously  interpreted,  have  shown  j  plain  on  what  the  general  nomenclature 
in  an  incontestable  manner  that  the  two  |  of  induced  currents  is  founded, 
induction  ciirrents  possess  each  their  '  That  has  Imppencd  with  regard  to  the 
special  qualities,  depending  not  only  '  currents  of  induced  electricity,  which 
upon  the  length  and  thickness  of  the  commonly  happens  witli  regard  to  many 
wire,  but  also  upon  the  mode  of  induction,  other  matters;  the  nomenclature  of  the 
It  was  therefore  necessary  to  denote  the  subject  has  been  built  up  gradually,  in 
two  currents  by  terms  perfectly  clear  and  i  accordance  with  tlie  growtli  of  science, 
precise ;  for  which  purpose  it  was  neces-  The  first  discovery  of  Faraday  was  simply 
sary  to  modify  the  existing  nomenclature:  that  a  fine  metallic  tluead,  rolled  jiround 
a  proceeding  that  should  never  be  at-  another  thread  that  was  traversed  by  a 
tempted  without  absolute  neces.sity.    I    current,  became  itself  the  seat  of  an 
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Let  us  now  examine  what  occurs  when  an  electro-magnetic 
apparatus  is  put  in  action.  A  bar  of  soft  iron  is  placed  at  a  short 
distance  from  the  poles  of  a  magnet,  in  such  a  manner  that  it  may 
alternately  approach  and  recede  from  tliein  by  a  rotatory  move- 
ment. We  place  the  soft  iron  at  first  crossways  with  the  magnet, 
and  complete  the  circuit  of  metallic  thread,  rolled  either  round  the 
soft  iron  (as  in  the  instruments  of  Pixii  or  of  Clark)  or  round 
the  magnet  (as  in  the  instruments  of  Dujardin  or  of  Breton)  by 
placing  between  its  free  extremities  either  a  galvanometer  or 
the  living  muscle  of  a  frog.  If  now  we  communicate  a  movement 
of  rotation  to  the  soft  iron,  so  as  to  bring  it  opposite  the  poles  of 


instantaneous  ciu-rent,  at  the  moment 
■when  the  circuit  formed  by  the  inner 
thread  was  either  interrupted  or  com- 
jjleted.  Hence  the  expression  "the  in- 
duced cm-rent,"  that  of  the  fine  thread; 
and  "the  inductive  cm-rent,"  that  pro- 
ceeding from  the  battery.  But  it  -was 
discovered,  after  a  time,  that  the  sjou-als 
of  the  inductive  wire  acted  one  upon 
another,  so  as  to  produce  also  a  special 
induced  cm-rent  at  the  moment  of  opening 
and  of  closing  the  circuit.  This  special 
cm-rent,  distinct  from  that  produced  by 
the  battery,  but  produced  in  the  same 
wire,  Avas  called  the  extra  cm-rent.  It 
was  next  ascertained  that  separate  helices 
superimposed  upon  the  primary  spiral 
traversed  by  the  cm-rent  from  the  bat- 
tery, induced  cm-rents  one  on  another; 
occasioning  a  succession  of  secondary 
induced  currents.  It  became  necessary 
to  distinguish  these  by  names.  M.M. 
Henry  (Princeton),  Becquerel,  Abria,  De 
la  Rive,*  Poiullet,  and  others,  used  the 
terms  cm-rents  of  the  second  order,  of  the 
third,  fourth,  and  fifth  orders  and  so  on, 
for  the  currents  induced  in  the  second, 
third,  fourth,  and  fifth  helices.  And,  by 
a  singular  contradiction,  they  retained 
the  term  extra  current,  for  tlie  cm-rent 
induced  in  the  fi.rst  helix;  and  they 
called  the  inductive  current,  or  cm-rent  of 
the  battery,  the  current  of  theirs*  order. 
They  knew,  however,  tliat  the  extra  cur- 
rent, produced,  as  has  been  said,  by  the 
action  of  the  inductive  current  upon  its 
own  spii-al.  behaved  in  all  respects  like 
the  other  iuduced  currents,  with  which 
it  ought  to  be  classed.  I  have  thouglit  it 
most  reasonable  to  call  this  extra  current, 
the  fii-st  cm-rent  induced,  the  induced  cur- 
rent of  the  first  ordi-r,  after  the  principle  of 
nomenclature  established  by  the  physicists 
above  cited.  lu  my  electro-dynamic  and 
electro-magnetic  instruments,  in  which 


the  two  threads  occupy  the  places  of  the 
first  and  second  spirals,  or  superimposed 
helices,  mentioned  above,  we  obtain  the 
iuduced  cm-rents  of  the  first  and  of  the 
second  order. 

This  brief  historical  retrospect  exhibits 
the  insufficiency  or  confusion  of  the  no- 
menclatm-e  hitherto  employed.  For  those 
not  familiar  with  a  certain  conventional 
language  (and  few  practitioners  are  thus 
familiar),  the  names  first,  second,  and 
thii-d  order  would  indicate  currents  of  the 
same  kind,  but  classed  according  to  their 
distinctive  characters  or  their  superposi- 
tion, while  the  name  extra  current  would 
appear  to  indicate  oue  of  another  kind. 

There  is  yet  another  source  of  confusion 
in  the  received  nomenclatme,  in  which 
some  call  the  cm-rent  of  the  battery  the 
current  of  the  first  order,  whUe  others  call 
it  the  inductive  current,  and  reserve  the 
name  current  of  the  first  order  for  that  of 
the  second  spiral.  Finally,  M.  de  Moncel 
distinguishes  the  currents  of  the  first  two 
helices  as  the  primary  and  the  secondary 
cmrents.  Which  of  all  these  is  the 
classical  nomenclatme  ? 

In  electrodynamic  instruments,  instead 
of  excluding,  so  to  speak,  the  current  of 
the  first  helix  from  the  family  of  induced 
currents,  it  will  be  found.  I  think,  more 
reasonable  and  more  philosophic  to  call 
it  the  cmrent  of  the  first  order;  since 
the  other  currents  superior  to  it  have 
been  distinguished  by  physicists,  accord- 
ing to  the  superposition  of  the  helices 
traversed,  as  the  currents  of  the  second, 
third,  fourtli,  fifth,  and  sixth  orders.  But, 
1  in  order  to  avoid  any  confusion  with 
terms  already  in  use,  I  propose,  in  jilaco 
of  calling  the  extra  current  the  current 
of  the  first  order,  to  call  it  the  current  of 
I  the  first  helix;  and  to  call  the  current: 
next  sujierior  to  it  the  current  of  the 
second  helix. 


*  De  la  RIvc,  TrdM  d'cledricitn  Ihcorique  et  appliquee.   Paris,  1854. 
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the  magnet,  the  needle  deviates  from  the  magnetic  meridian, 
or  the  muscle  contracts.  Presently  the  needle  returns  to  its 
former  position,  or  the  muscle  to  repose.  If  a  fresh  movement  be 
given  to  the  iron,  so  as  to  make  it  once  more  transverse  to  the 
poles,  a  fresh  deviation  of  the  galvanometer  needle  will  take  place 
in  a  direction  opposite  to  the  former ;  or  the  muscle  will 
contract  as  energetically  as  at  first. 

These  phenomena  of  induction  are  produced  in  the  electro- 
magnetic precisely  as  in  the  electro-dynamic  instruments,  by  virtue 
of  a  modification  wrought  in  the  state  of  the  magnet  and  of  its 
soft  iron,  and  in  the  state  of  the  copper  wire  rolled  round  the  soft 
iron  or  the  magnet. 

The  theory  is  as  follows  : — When  the  soft  iron  is  brought  oppo- 
site to  the  poles  of  the  magnet,  the  natural  electricity  of  the  iron 
is  decomposed  by  the  magnet,  is  attracted  to  the  opposite  poles 
and  recomposed.  There  results  a  neutralisation  of  the  artificial 
magnet,  and  an  induced  modification  of  the  electricity  of  the 
copper  wire,  the  spirals  of  which  also  act  upon  one  another.  When 
the  soft  iron  is  withdrawn  from  the  magnet  by  rotation,  the 
magnetic  fluid  of  the  magnet  regains  its  liberty  and  accumulates 
at  the  poles.  The  soft  iron,  the  polarisation  of  which  ceases  at  the 
same  moment,  returns  to  its  normal  state,  and  the  copper  wire 
sustains  a  fresh  induction. 

If  at  the  moment  when  these  electrical  modifications  occur  we 
interrupt  the  circuit  formed  by  the  wire,  the  power  of  induction  is 
very  considerably  increased.  Nearly  all  electro-magnetic  instru- 
ments are  arranged  so  that  these  interruptions  of  the  current  only 
take  place  when  the  soft  iron  arrives  opposite  the  poles  of  the 
magnet.  It  follows  that  they  produce,  by  the  rotation  of  the  iron, 
one  inductive  action  that  is  very  feeble,  inappreciable  by  man,  and 
one  that  is  powerful :  the  first  when  the  iron  is  transverse  to  the 
pules  of  the  magnet,  the  second  when  it  is  opposite  to  them. 

In  the  electro-magnetic  instruments  the  interruptions  of  the 
current  are  affected  by  a  little  bobbin  (commutator)  placed  upon 
the  axis  of  the  soft  iron  (armature).  The  latter  is  put  in  move- 
ment by  a  mechanism  of  toothed  wheels,  so  that  the  rotation  of 
the  iron  may  be  rendered  extremely  rapid. 

This  rapidity  of  rotation  is  essential  to  the  force  and  even  to  the 
action  of  electro-magnetic  instruments,  for  the  reasons  following : — 

Wlien  the  current  of  an  electro-dynamic  instrument  is  inter- 
rupted, the  induction  and  magnetization  of  the  soft  iron  cease 
abruptly  with  the  cessation  of  their  producing  cause  ;  and  the 
change  from  a  great  magnetic  intensity  to  zero  occurs  suddenly, 
and  without  transition  in  the  central  soft  iron  of  the  bobbin. 
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With  electro-magnetic  instruments  it  is  different.  If  the  magnetic 
current  be  established  by  the  juxtaposition  of  the  soft  iron  with 
the  poles  of  the  magnet,  the  interruption  takes  place  only  at  the 
moment  when  the  iron  is  transverse  to  the  poles.  If  the  soft  iron 
slowly  describe  the  arc  of  a  circle  in  order  to  assume  tliis  position, 
the  magnetic  current  established  between  the  magnet  and  the  iron 
will  diniinis'ti  gradually  until  it  ceases. 

But  if  the  iron  revolve  very  rapidly  the  passage  of  the  current 
from  its  maximum  to  zero  takes  place  in  a  time  so  short  as  to  be 
nearly  equivalent  to  a  sudden  interruption,  as  in  the  volta-electric 
instruments,  and  to  produce  a  powerful  induction.  We  should 
hence  imagine  that  the  inductive  force  of  an  electro-magnetic 
instrument  would  be  greater  the  more  rapid  the  rotation  of  its 
soft  iron.  It  is  found,  however,  that  in  these  instruments  the 
power  dimiui.'-hes  when  a  certain  rapidity  of  intermission  is  ex- 
ceeded ;  as  happens  also  in  electro-dynamic  instruments  furnished 
with  Masson's  wheel.  This  phenomenon,  which  has  long  perplexed 
physicists,  is  pioduced  by  a  mechanical  cause,  and  depends  on  a 
vice  of  construction  that  I  will  explain  hereafter. 

Prior  to  my  researches,  the  electro-magnetic  instruments  had 
only  a  single  helix.  I  caused  to  be  constructed  an  apparatus  of 
double  induction,  in  which  the  two  helice.«,  superimposed  and  fixed 
upon  a  magnet  possess,  as  I  will  show  hereafter,  differential  pro- 
perties like  the  helices  of  electro-dynamic  instruments  with  double 
current.  The  theory  and  description  will  be  given  in  the  fourth 
chapter. 

The  foregoing  observations  not  only  show  thai:  induced  elec- 
tricity cannot  furnish  a  continuous  current,  beiug  essentially 
intermittent  or  instantaneous,  but  also  that  each  intermission  is 
composed  of  two  currents  opposite  in  their  direction.  It  has  also 
been  shown  that  the  current  at  the  end  of  each  intermission  is  the 
only  one  that  exerts  a  powerful  physiological  action.  Lastly, 
the  ordinary  electro-magnetic  instruments  have  no  action  except 
in  rapid  intermission ;  while  the  electro- dynamic  instruments 
furnish  intermissions  either  rapid  or  slow  at  pleasure. 

§  I. — Different  physiological  action  of  the  current  of  tlie  first  helix, 
and  of  the  currerd  of  the  second  helix. 

The  excitation  of  tlie  skin  by  induced  electricity,  however  long 
continued  and  liowever  intense,  produces  no  organic  action  beyond 
erection  of  the  papillaj  and  a  little  erythema.  There  are  persons, 
however,  in  whom  the  skin  is  liable  to  inflammation  under  the 
influence  of  the  slightest  cause;  and  in  them  the  current  of 
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the  second  helix,  which  exerts,  as  we  shall  see,  an  elective  action 
on  the  cutaneous  sensibility,  may  produce  an  erythema  that  will 
last  for  many  days. 

In  tlie  present  state  of  science,  no  difference  has  been  established 
physiologically  between  electricity  communicated  to  organs  from 
the  induced  current  of  the  first  or  of  the  second  helix.  We  shall 
see  facts,  however,  which  prove  incontestably  that  each  of  these 
currents  acts  physiologically  in  an  especial  manner/  In  the 
experiments  by  which  they  are  demonstrated,  it  is  necessary  first 
to  equalise  the  power  of  each  helix  by  holding  a  moist  rheophore 
in  each  hand.  (It  is  known  that,  on  thus  placing  oneself  in  the 
circuit  of  an  induced  current,  each  intermission  communicates  to 
the  upper  extremities  a  shock  that  extends  to  the  wrists,  the 
elbows,  the  shoulders,  or  even  the  chest,  according  to  the  strength 
of  the  current). 

A. — The  current  of  the  second  helix  excites  the  retina  more  vividly 
than  does  that  of  the  first  helix,  when  applied  to  the  face  or  to  the 
eyeball  by  means  of  moist  excitors. 

This  special  property  of  the  current  of  the  second  helix,  the 
production  of  stronger  luminous  sensations  than  the  current  of 
the  first  helix,  is  infinitely  more  developed  in  my  electro-magnetic 
apparatus  with  two  spirals  ^  than  in  my  electro-dynamic  apparatus. 
Thus  the  current  of  the  second  helix  of  my  electro-magnetic 
apparatus  acts  powerfully  on  the  retina,  applied  to  any  point  of 
the  face,  even  when  a  very  feeble  current  is  employed ;  while 
the  current  of  the  second  helix  of  the  volta-electric  instrument 
only  produces  luminous  sensations  when  comparatively  powerful ; 
and  even  then  only  when  the  moist  rheophores  are  placed  on  the 


'  Abria  alone  has  endeavoui-ed  to  de-  ,  gave  him  more  powerful  shocks  in  the 
termine  the  comparative  power  of  physio-  upper  extremities,  he  inferred  that  its 
logical  action  possessed  by  the  second,  physiological  power  was  greater.  This 
third,  foiu-th,  fifth,  sixtli,  and  seventh  was  all.  In  my  experiments,  as  we  shall 
helices ;  or,  in  ordinary  language,  of  the  see  hereafter,  I  first  equalised  the  strength 
current  of  tlie  first,  second,  third,  foiu'th,  (  of  the  cm'rents  that  1  wislied  to  compare  ; 
fifth,  and  sixth  order ;  but  he  has  not  and  then  studied  their  dift'erential  action 
studied  the  differential  action  of  the  extra  '  upon  the  sensibility  of  the  skin,  of  the 
ojirreii/ (current  of  the  first  helix),  and  of  |  muscles,  of  the  retina,  &c.  Abria  was 
the  current  of  the  first  order  (current  of  i  unable  to  undertake  such  researches,  be- 
thc  second  helix),  the  only  dillerence  that  i  cause  he  did  not  know  how  to  localize 
it  i.s  irnportant  to  Icnow  in  pi'actice,  since  I  the  ('Icctric  force  in  certain  organs ;  a  pro- 
the  differential  actions  dcscriljcd  by  Abria  I  ceeding  that  requires  beibre  all  things,  spe- 
are  quite  insignificant  therapeutically,  i  cial  anatomical  and  physiological  know- 
1  should  say  also  that  there  is  no  reserti-  !  ledge. 

bianco  between  tlie  rcsearclies  of  Abriii  j     '  The  aiijmratus  with  two  spirals,  or 
and  my  own.    Abria  simply  took  the  ;  of  double  induction,  whicli  1  was  the 
rheophores  in  his  hands  to  comjiare  the  j  first  to  construct,  will  be  fully  described 
different  action  of  induced  currents  of   in  the  fourth  chapter, 
different  orders;  and  when  any  current 
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points  of  emergence  of  branches  of  the  trifacial  nerves,  or  on 
the  eyeball  itself.  The  flame  then  perceived  is  paler  than  tliat 
from  the  current  of  the  second  iiolix  of  the  electro-raasnetic 
instrument,  and  impresses  the  retina  less  vividly.  The  current  of 
the  first  helix  of  the  electro-magnetic  instrument  produces  no 
more  impression  of  liglit  than  that  of  the  electro-dynamical  instru- 
ment. Lastly,  the  luminous  sensation  that  is  due  to  the  action  of 
the  current  of  the  second  helix  of  the  electro-magnetic  apparatus 
is  far  from  being  so  strong  as  that  which  is  excited  by  electro- 
motor instruments. 

B. — The  current  of  the  second  helix  excites  the  cutaneous  sensibility 
more  vividly  than  the  current  of  the  first  helix. 

This  phenomenon  was  established  as  follows : — Two  electro- 
dynamic  or  electro-magnetic  instruments  were  set  in  action,  so 
arranged  that  one  furnished  the  current  of  the  first,  the  other 
the  current  of  the  second  helix ;  and  they  were  so  graduated 
as  to  act  with  equal  ibrce  upon  muscular  contractility.  If  then 
the  skin  was  excited  by  these  alternately,  it  was  always  observed 
that  the  sensation  produced  was  much  less,  under  the  influence 
of  the  current  of  the  first  helix  than  under  that  of  the  second. 

Such  are  the  differential  properties  of  the  currents  of  the  first 
and  of  the  second  helices,  properties  the  discovery  of  which  goes 
back  to  1848,  which  I  described  to  the  Academy  of  Sciences  in 
1849,  and  which  were  set  forth  in  the  former  edition  of  this  work 
in  1855.  Since  then,  my  experiments  upon  the  differential  pro- 
perties of  induced  currents  having  been  facilitated  by  the  use  of  a 
commutator  of  the  helices  that  I  have  added  to  my  instruments, 
by  which  I  can  change  rapidly  from  one  current  to  another,  and 
more  readily  compare  their  physiological  effects,  I  have  observed 
that  the  induced  currents  possess  other  special  projierties  of  no 
less  physiological  and  therapeutical  importance.  These  I  proceed 
to  describe. 

0. — The  current  of  the  first  helix  excites,  more  poioerfiiMy  than  tliat 
of  the  second,  the  sensibility  of  certain  organs  placed  more  or  less 
deeioly  beneath  the  slcin. 

I  was  led  to  a  knowledge  of  this  fact  while  repeating,  in  the 
presence  of  M.  Be'clard,  Associate  Professor  of  the  Faculty  of 
Medicine,  the  experiments  that  display  the  difierential  properties 
of  currents,  and  that  I  have  described  above.  jMy  learned  com- 
panion observed  to  me  that  the  current  of  the  first  helix  produced 
in  him  a  much  more  acute  sensation  than  the  current  of  the 
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second  helix,  when  he  held  both  rheophores  in  the  same  hand. 
The  observation  led  me  to  institute  a  series  of  experiments,  which, 
repeated  frequently,  and  on  many  persons,  have  always  given  the 
same  results.  , 

If,  after  having  equalized  the  force  of  the  currents  of  the  first, 
and  of  the  second  helix,  by  taking  in  each  hand  a  moist  rheophore, 
and  obtaining  from  each  current  an  action  tliat  is  felt,  let  us  say, 
as  far  as  to  the  elbows,  their  action  is  compared  anew  by  taking 
both  cylinders  into  one  hand,  freely  moistened  (it  being  well 
understood  that  the  cylinders  do  not  touch  each  other),  it  will  be 
found  that  the  sensation  produced  by  the  current  of  the  first  helix 
is  more  acute,  and  more  penetrating  than  that  produced  by  the 
current  of  the  second.  These  phenomena  of  sensibility  are  the 
more  pronounced,  the  more  rapid  the  intermissions.  The  sensa- 
tions and  contractions,  limited  to  the  hand  that  holds  the  two 
moist  rheophores,  result  from  the  direct  action  of  the  current  upon 
the  subcutaneous  nerves  of  the  palmar  surface  of  the  hand  and 
fingers,  and  upon  the  muscles  of  that  region. 

The  current  of  the  first  helix  produces  also  a  more  acute  sensa- 
tion when  it  is  directed  upon  the  muscles  of  other  regions  of  the 
body. 

There  ai-e  some  muscles  in  which  it  is  easy,  by  reason  of  their 
isolation,  to  display  this  special  action  of  the  current  of  the  first 
helix  upon  the  muscular  sensibility.  I  may  mention,  as  examples, 
the  deltoid  and  the  supinator  longus,  on  the  middle  part  of  which 
the  exciting  sponges  may  be  placed  as  near  together  as  possible. 
If  in  such  experiments  we  place  the  two  currents  in  identical  con- 
ditions by  equalizing  their  tension  (by  means  of  a  tube  of  water), 
we  may  see  how  the  current  of  the  first  helix  excites  most  tlie 
muscular  sensibility.  But  when  we  experiment  in  regions  where 
the  muscular  layers  are  more  or  less  thick,  and  are  superimposed 
on  one  another,  the  difference  of  action  of  the  two  currents  on  the 
muscular  sensibility  is  less  easy  to  display ;  because  the  current 
of  the  second  helix  is  of  a  greater  tension  than  that  of  the  first, 
and,  as  I  will  soon  explain,  its  recomposilion  takes  place  more 
deeply — so  that  a  large  number  of  muscular  fibres  are  thrown  into 
contraction,  and  sensation  is  proportionately  augiuented. 

It  would  be  reasonable  to  infer  that  the  sensibility  of  other 
organs  more  or  less  deeply  seated  beneath  the  skin  would  also  be 
more  acutely  excited  by  the  current  of  the  first  helix  than  by  that 
of  the  second.  I  have  proved  tliis  for  many  of  them ;  for  the 
mixed  nerves,  the  testes,  tlie  bladder,  the  rectum ;  and  for  these 
the  difference  of  sensation  excited  by  the  two  currents  is  con- 
siderable. 
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D. — The  current  of  the  second  helix  produces  more  energetic  reflex 
contractions  than  that  of  the  first  helix. 

This  proposition  follows  from  the  foregoing  experiments,  which 
should  be  completed  in  the  following  manner : — 

Having  first  equalized  the  action  of  the  two  currents  on  the 
sensibility  of  subcutaneous  organs,  by  holding  both  moist  rheo- 
phores  in  the  same  hand,  a  rheophore  should  then  be  taken  in 
each  hand.  It  will  be  found  that,  of  currents  which  act  with 
equal  force  in  producing  sensation,  that  of  the  second  helix  will 
produce  contractions  which  ascend  much  higher  up  the  arms. 

It  is  necessary  to  explain  the  mode  of  physiological  action  in 
these  phenomena.  The  contractions  observed  in  the  upper  ex- 
tremities when  a  moist  rheoj)hore  is  held  in  each  hand,  are  mani- 
fested above  the  point  excited,  that  is,  in  a  direction  contrarv  to 
that  of  the  nervous  force.  They  are  due  to  the  reaction  of  the 
spinal  cord,  excited  by  the  electric  current  which  passes  along 
the  limbs,  from  the  extremities  to  the  centre.  I  shall  return,  in 
Chapter  III.,  §  3,  to  this  mode  of  electrization,  whicli  I  have 
denominated  the  mode  hy  reflex  action. 

E. — When  the  moist  rheophores  are  applied  to  the  surface  of  the  sMn, 
the  current  of  the  second  helix  penetrates  the  tissues  to  a  greater 
depth  than  that  of  the  first. 

I  arrived  at  the  above  conclusion  in  the  following  manner.  I 
had  frequent  occasion  to  localize  electric  excitations  in  muscles 
that  had  lost  their  contractility  and  their  electric  sensibility, 
consequent  upon  some  injury  to  their  nerves;  as,  for  instance,  to 
the  radial  nerve.  When  I  employed  the  current  of  the  first  helix, 
I  was  able  to  limit  the  excitation  to  the  paralysed  muscle,  even 
when  the  strength  of  the  current  was  considerable.  There  was 
neither  sensation  nor  contraction.  But,  if  I  replaced  the  current 
of  the  first  helix  by  that  of  the  second,  after  having  equalised  the 
two  by  taking  the  two  rheophores  in  each  hand,  the  muscles  of 
the  anterior  region  of  the  fore-arm  would  be  thrown  into  contrac- 
tion, and  the  patient  experienced  sensation. 

It  is  evident  that,  in  the  latter  case,  the  current  had  penetrated 
more  deeply  than  in  the  former,  and  had  been  rocomposed  in  the 
muscles  of  the  anterior  region,  after  traversing  the  interosseus 
space.  I  have  seen  similar  phenomena  in  the  leg,  when  the 
internal  or  external  popliteal  nerve  had  been  wounded ;  that  is 
to  say,  that  the  current  of  the,  second  helix  excited  at  once  the 
paralysed  and  the  sound  muscles,  while  that  of  the  first,  apparently 
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of  equal  strength,  was  limited  in  its  action  to  the  paralysed  muscles 
ouly. 

It  has,  therefore,  been  shown  by  tlie  foregoing  :— 

1.  That  the  current  of  tlic  first  lielix  excites  most  acutely  the 
sensibility  of  certain  subcutaneous  organs;  the  nerves,  the  muscles 
(proportionately  increasing  their  contractility),  the  rectum,  the 
bladder,  the  testes,  the  epididymis,  and  the  spermatic  cord. 

2.  That  the  current  of  the  second  helix  acts  most  powerfully 
upon  the  cutaneous  sensibility,  upon  the  sensibility  of  the  retina, 
and  penetrates  most  deeply  into  the  tissues. 

F. — Tlieories  of  the  differential  physiological  properties. 

Whatever  be  the  cause  of  the  differences  observed  in  the  physi- 
ological properties  of  the  currents  of  the  two  helices  in  every 
double-induction  apparatus,  differences  observed  in  varying  degrees 
in  different  instruments,  according  to  the  varieties  in  diameter  and 
relative  length  of  their  coils,  it  is  incontestable  that  these  pro- 
perties, so  important  physiologically  and  therapeutically,  and 
which  cannot  be  combined  in  a  single  helix, — it  is  incontestable,  I 
repeat,  that  these  properties  are  not  physiologically  identical.  It 
is  this  that  I  mean  to  express  by  saying,  apart  from  any  physical 
theory,  that  the  currents  of  the  first,  and  of  the  second  helix  possess 
different  physiological  properties. 

With  regard  to  the  physical  theory  of  these  differences,  esteeming 
myself  fortunate  to  have  pointed  out  facts  of  such  great  practical 
importance,  that  had  previously  escaped  observation,  I  prefer  leaving 
their  explanation  to  others,  to  physicists,  more  able  than  myself  to 
deal  with  them.  In  a  communication  addressed,^  in  1856,  to  the 
Academy  of  Medicine,  upon  certain  new  physiological  properties  of 
induced  currents,  I  confined  myself  to  expressing  an  opinion  that 
there  was  some  connection  between  the  degree  of  tension  of  the 
currents,  and  their  power  to  penetrate  deeply  beneath  the  skin. 
If  I  did  not  attempt  to  explain  also  the  physical  causes  of  the 
other  differences,  it  was  not  for  want  of  experimental  inquiry  into 
the  subject.^ 


°  Duchonne,  Note  sur  quelqiies  fro- 
priiftes  dijj')freid idles  ties  eourants  d'iitdun- 
tion  de  premier  et  de  seconde  ordre  {Bull, 
de  I'Acad.  de  M(fd.,  18  Mars  ISSi),  t.  xxi, 
p.  538).  See  also  Kapport  de  M.  Bouvier 
(ibid.,  p.  G71). 

"  The  following  experiment  will  show 
that  the  currents  of  tlie  iirst  and  of  the 
second  helices  possess  different  degrees 
of  tension.  If,  after  having  equalised 
the  two  currents  in  the  manner  described 


in  the  text,  we  measure  their  physio- 
logical power  anew,  after  causing  them 
to  traverse  a  portion  of  di.stillcd  water 
in  a  glass  tul)o,  it  will  be  found  that  the 
current  of  the  iirst  helix  is  much  more 
weakened  than  tiuit  of  the  second.  "When 
i  my  most  ]iowcrful  induction  instrument 
;  is  in  action  at  its  highest  grade,  and  its 
two  currents  arc  equalised,  the  current 
of  the  first  qvder  ceases  to  bo  perceptible 
after  having  passed  through  distilled 
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My  first  idea,  when  I  had  thoroughly  convinced  myself  of  the 
difference  in  the  effect  of  tlie  two  currents  upon  the  sensibility  of 
the  skin,  the  idea  that  would  naturally  have  presented  itself  to  any 
physicist,  was  that  this  difference  might  perhaps  be  explained  by 
the  difference  of  tension.  I  was  induced  by  this  belief  to  make 
certain  experiments,  the  results  of  which  were  entirely  negative. 
Being  unable  to  solve  my  problem,  or,  in  other  words,  being  unable 
to  find  the  explanation  that  I  sought,  I  thought  it  best  to  abstain 
from  publishing  my  experiments.  In  this  decision  I  now  think  I 
was  mistaken ;  since  many  physicists  of  the  iirst  reputation  and 
of  the  highest  talent  have  attributed  the  different  properties  of  the 
currents  solely  to  the  difference  in  their  teusion. 

"  The  extra  current,"  they  say,  "  and  the  current  of  the  first 
order,  do  not  enjoy  elective  properties  over  this  or  that  function ; 
but  they  have  an  action  more  or  less  energetic  by  reason  of  their 
tension, — tension  which  they  owe  to  the  size,  the  inductive  power, 
and  the  insulation  of  the  wire  that  they  traverse.  Thus  an  induced 
current,  produced  in  a  wire  much  longer,  and  of  much  less  dia- 
meter than  the  first,  has  a  much  greater  tension  than  the  extra 
current  produced  in  a  thicker  and  shorter  wire.  Thus  powers  and 
properties,  apparently  different,  result  from  the  greater  tension  of 
the  current  that  produces  them.'"'' 

From  the  foregoing  theory  critical  deductions  have  been  framed 
with  regard  to  the  arrangement  and  properties  of  my  electro- 
dynamic  and  electro-magnetic  instruments,  made,  as  is  well-known, 
with  reference  to  their  application  in  medicine.  Since  these  deduc- 
tions diminish  the  value  of  my  physiological  researches,  and  of  the 
practical  considerations  that  flow  from  them,  I  think  it  my  duty  to 
make  known  my  own  experiments  with  regard  to  this  important 
question,  experiments  which  seemed  to  me  to  prove  that  the 
physiological  differences  between  the  induced  currents  of  the  first 
and  second  helices  were  not  solely  due  to  differences  in  their  ten- 
sion ;  that  their  properties  are  really  special  to  each,  and,  at  present, 
are  not  capable  of  explanation. 

In  order  that  my  experiments  should  be  simpler,  and  more 
decisive,  I  studied  the  phenomena  of  induction  witliout  the  inter- 


water  for  a  distance  of  eight  centimetres ; 
while  that  of  the  second  helix  is  still 
very  appreciable  after  passing  tlirmigh 
tliirty  centimetres.  These  iihenomena 
are  the  same,  whether  the  curreuts  be 
furiushed  by  an  electro-dynainic  or  an 
electro-magnetic  a|)paratus.  They  show 
that  the  cm-rent  of  the  first  helix  over- 
comes tlie  resistance  of  the  water  with 
much  more  diliiculty  than  that  of  the 


second ;  or,  in  otlier  words,  that  the 
former  has  a  much  less  degree  of  tension 
than  thft  latter. 

'  TraHc  des  applications  de  V(fhciricit(' 
a  la  tlicrapeutiqnc,  jiar  A.  liecquerel, 
1837,  ]J.  oS.  I  may  mention  that  tlie 
jihysical  part  of  this  book  is  dno  to  the 
assistance  of  IM.  E.  Becqncrel,  wlioso 
learning  and  abilities  are  world  re- 
!  nowned. 
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vention  of  magnetic  force  ;  that  is,  by  producing  induction  by  the 
initial  voltaic  current  alone,  and  waiting  to  test  afterwards  the  in- 
fluence of  temporary  magnetism  as  an  initial  force  also  producing 
induction. 

0 

a.  — In  my  eledro-dijnamic  instruments  tvith  double  current,  the 

difference  in  diameter  and  length  of  the  tivo  ivires  which  pro- 
diiced  the  extra  ciirrent  (current  of  the  first  helix)  and  the  current 
of  the  second  helix,  did  not  alone  explain  the  different  action  of 
those  currents  on  the  sensihility. 

Experiment.— 1  constructed  two  helices,  nine  centimetres  in  length,  of 
copper  wire,  covered  with  silk.  In  one  the  wire  was  one  milhmetre  in . 
diameter,  and  200  metres  in  length;  in  the  other  a  sixth  of  a  millimetre 
in  diameter,  and  1000  metres  in  length.  In  the  centre  of  the  helices  was 
a  space,  intended  to  receive  a  bar  of  soft  iron  or  a  bundle  of  iron  wire,  but 
left  empty  during  the  present  experiment. 

In  this  state,  the  curi-ent  of  a  pair  of  Bunsen's  elements,  circulating  with 
intermissions  through  each  of  the  separate  helices,  gave  origin  to  two  instan- 
taneous currents  of  unequal  power.  That  which  was  developed  in  the  thicker 
and  stouter  wire  (the  extra  ciirrent  of  authors)  exerted  a  physiological  action 
infinitely  gi'eater  than  that  of  the  fine  wire. 

1  then  equalised  the  physiological  force  of  the  two  currents,  by  placing  the 
moist  rheophores  one  in  each  hand,  or  both  in  the  same  hand,  or  on  the  plane 
of  the  muscles,  and  by  then  causing  the  current  of  the  thick  wire  to  pass 
through  a  tube  filled  with  distilled  water  of  such  a  length  that  the  shocks 
produced  were  equal  to  those  of  the  current  of  the  fine  wire. 

If,  after  thus  equalising  the  physiological  jDower  of  the  two  currents,  their 
action  on  the  cutaneous  sensibihty  was  compared,  it  was  found  that  the  fine 
and  long  wire  did  not  excite  this  sensibility  more  acutely  than  the  thick  and 
short. 

It  follows  from  tliis  experiment  that  an  extra  current  developed 
in  a  helix  of  very  long  and  slender  wire  (1000  metres  in  length, 
and  one-sixth  of  a  millimetre  in  diameter)  does  not  excite  the 
cutaneous  sensibility  more  actively  than  an  extra  current  developed 
in  a  wire  much  shorter  and  thicker  (200  metres  in  length,  and  a 
little  less  than  a  millimetre  in  diameter). 

It  is  also  evident  that,  if  the  action  of  a  current  upon  the 
cutaneous  sensibility  bore  any  direct  proportion  to  the  degree 
of  tension,  the  extra  current  developed  in  a  fine  wire  should  act  upon 
the  skin  much  more  powerfully  than  that  developed  in  a  wire 
thicker  and  shorter.    This  does  not  require  to  be  demonstrated. 

b.  — The  fine  and  long  wire  of  my  electro-dynamic  apparatus  of 

double  cihrrent  only  acquires  its  special  action  upon  the  cutaneous 
sensibility  ivhen  its  current  is  induced  by  a  thicker  tvire. 

If  the  same  helix  of  fine  wire,  that  was  used  in  the  foregoing 
experiment,  was  exposed  to  the  inductive  influence  of  the  helix 
ot  thicker  wire,  the  current  circulating  in  its  coils  instantly  acquired 
the  special  property  by  which  the  sensitiveness  of  the  skin  is 
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acutely  excited ;  the  property  that  I  have  made  known  as  being 
peculiar  to  the  current  of  the  second  helix.  The  experiment  was 
tried  as  follows  : — 

Experiment. — I  mounted  the  two  helices  used  in  the  preceding  experiment, 
and  made  a  second  fine  helix,  the  same  as  the  former,  to  cover  the  helix  of 
larger  wire.  Into  the  latter  I  conducted  an  intermitting  current  of  the  same 
electro-motor.  The  force  of  the  current  of  the  second  helix,  when  produced 
by  the  induction  of  the  first,  was  y&xj  considerably  augmented  (as  would  be 
foreseen).  In  order  to  compare  the  special  properties  of  tliis  second  helix, 
yielding  an  induced  current,  with  those  of  the  similar  helix,  yielding  only 
an  extra  current,  I  caused  the  current  of  the  former  to  pass  through  a 
water  regulator,  until  it  was  impossible,  with  the  moist  hand  to  distinguish 
one  current  from  the  other.  They  might  therefore  be  thought  to  be  per- 
fectly equal,  with  regard  to  their  physiological  action  upon  the  sensibility  of 
the  skin.  But  on  limiting  their  action  to  the  surface  of  the  skin,  and  test- 
ing them  alternately,  the  induced  current  of  the  fine  ^wire  was  found  to 
produce  much  more  sensation  than  the  fine- wire  extra  cui-rent. 

We  have  therefore  seen  in  this  experiment,  that  a  helix  made 
of  wire  1000  metres  in  length,  and  one  sixth  of  a  millimetre  in 
diameter,  and  of  which  the  power,  as  the  source  of  an  extra  cur- 
rent, scarcely  equalled  that  of  a  helix  made  from  a  wire  200 
metres  in  length,  and  one  millimetre  in  diameter,  acquired  an 
enormous  increase  of  power,  as  regards  the  cutaneous  sensibility, 
when  excited  by  an  inductive  helix  of  the  thicker  and  shorter 
wire. 

It  will  doubtless  have  been  observed  that  in  tlie  foregoing 
experiments  I  refrained  from  placing  the  soft  iron  in  the  centre 
of  the  inductive  helix  ;  that  is  to  say,  that  magnetism  had  no 
influence  upon  the  phenomena  of  induction  that  I  have  described. 
My  experiments  were  conducted  in  this  manner  for  the  purpose  of 
showing  how  little  foundation  there  is  for  the  opinions  of  certain 
writers,  who  have  ascribed  the  special  action  of  the  current  of  the 
second  helix  to  the  influence  of  magnetism.  "  There  is,"  says 
M.  E.  Becquerel,  "  another  observation  that  should  be  made.  M. 
Duchenne,  by  placing  in  his  instruments  a  second  helix  over  the 
first,  has  thought  he  obtained  from  it  only  a  current  of  a  superior 
order  to  that  of  the  fii'st.  But,  from  such  an  arrangement,  the 
result  is  very  complicated :  because,  in  the  second  helix,  as  in 
the  first,  the  predominant  action  is  due  to  the  influence  of  the 
central  magnet." 

This  opinion  is  valueless,  in  the  face  of  the  experiments  above 
recorded ;  because  in  them  the  differential  action  of  the  two 
currents  was  displayed  quite  independently  of  the  presence  of 
the  temporary  magnet.  If  I  had  placed  a  bar  of  soft  iron  in  the 
centre  of  the'  inductive  helix  of  large  wire,  the  iron  would  have 
become  strongly  magnetic,  and  would  have  re-acted  upon  the  in- 
duced current  of  the  helix,  increasing  its  power,  as  may  easily  lie 


INDUCED  ELECTRICITY. 


31 


shown.  This  increase  of  the  power  of  the  current  of  the  first  helix 
would  have  increased  in  proportion,  by  its  influence,  the  power  of 
the  current  of  the  second  helix.  This  is  all.  To  say  that  the 
magnet  acts  directly  upon  the  second  helix,  and  confers  special 
properties  upon  its  current,  is  mere  hypothesis,  and  the  objection 
is  set  aside  by  my  experiments. 

We  may  therefore  say  that  the  special  action  of  the  current  of 
the  second  helix  upon  the  cutaneous  sensibility,  or  the  special 
action  of  a  helix  of  fine  and  long  wire  induced  by  a  helix  of  wire 
that  is  thicker  and  shorter,  cannot  be  explained  entirely  by  the 
great  tension  of  the  current.  What,  tlien,  is  the  exact  explanation 
of  the  phenomenon  ?  This  is  a  question  that  ought  to  employ 
the  ingejiuity  of  the  learned  physicists  who  have  criticised  my  re- 
searches ;  and  who,  I  repeat,  by  reason  of  their  special  knowledge, 
are  far  more  competent  than  myself  to  enter  upon  such  inquiries. 

Let  us,  however,  admit  for  an  instant  that  the  greater  action  of 
the  current  of  the  second  helix  upon  cutaneous  sensibility  is  due 
solely  to  the  greater  tension  of  this  current.  How,  then,  shall  we 
explain  why  the  current  of  the  first  helix,  the  tension  of  which  is 
infinitely  less,  excites  much  more  acutely  than  the  other  the  sensi- 
bilities of  certain  sub-cutaneous  organs  (muscles,  nerves,  bladder, 
rectum,  testes)  ?  How,  also,  shall  we  explain  the  elective  action 
of  the  current  of  the  second  helix  upon  the  sensibility  of  the 
retina  ? " 


*  M.  Chauveau,  endeavouring  in  a 
recent  book  to  generalize  on  the  physio- 
logical effects  of  induced  ciirrents,  has 
concluded  from  some  experiments  on 
animals : — "  1.  That  the  physiological 
effect  of  electricity  is  the  result  of  a 
mechanical  disturbance  of  the  molecules 
in  the  track  of  the  currents.  2.  That 
this  disturbance  depends  entirely  upon 
the  tension  of  the  currents,  and  is  not 
directly  influenced  by  the  quantity  of 
electricity  set  in  motion.  3.  That  the 
various  portions  of  the  track  of  the  elec- 
tricity, in  an  animal  conductor,  do  not 
undergo  the  same  degree  of  mechanical 
excitation ;  because  the  tension,  instead 
of  being  uniform  throughout  the  con- 
ductor, is  always  stronger  at  the  extreme 
points,  and,  especially,  at  the  point  of 
escape  (negative  pole)." 

Tlie  experiments  made  upon  the  human 
subject,  by  the  aid  oC  localized  electricity, 
and  described  in  the  text,  show  that  the 
energy  of  all  the  physiological  eftects  of 
an  induced  current,  far  from  being  always 
in  direct  proportion  to  its  tension,  "is 
sometimes  greater  under  the  influence  of 
n  current  of  lower  tension  (the  current 


of  the  first  helix,  or  the  extra  current  of 
authors). 

1  should  observe  also,  that  it  is  Imowu 
in  physics,  and  may  be  showu  by  experi- 
ment, contrary  to  the  statement  of  M. 
Chauveau,  that  the  electric  current  has 
less  tension  at  the  negative  than  at  the 
positive  pole;  so  that  a  more  powerful 
physiological  action  at  the  negative  pole 
cannot  be  attributed  to  the  greater  tension. 

Lastly,  M.  le  vicomte  Dumoncel  gave 
additional  support  to  the  jjosition  that 
I  defend,  in  a  work  that  he  addressed  in 
1859,  to  the  Academy  of  Sciences.  He 
has  shown  by  experiment  that  the  physio- 
logical power  of  an  induced  current  is 
not  always  due  to  its  tension ;  and  his 
experiment  is  described  in  the  ibllowing 
communication,  with  whicli  this  ingeni- 
ous and  learned  physicist  has  favoured 
me. 

"  We  may,"  he  says,  "  conclude  from 
this  experiment,  that  the  tension  is  not 
the  solo  cause  of  the  ]50wer  of  induced 
currents  to  produce  physiological  cHccts ; 
and  that  the  diflerent  effects  observed 
by  M.  Duchoiine,  from  the  action  of 
secondary  currents  and  extra  currents 
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We  cannot,  therefore,  in  the  present  state  of  knowledge,  find  a 
satisfoctory  physical  tlieory  of  the  differential  physiological  pro- 
perties of  the  currents  of  the  first  and  of  the  second  helfx  ;  and  we 
mnst  be  content,  for  the  time,  with  a  simple  recognition  of  incon- 
testable facts. 

§  II. — Differential  therapeutic  properties  of  the  induced  currents. 

Induced  electricity  is  the  only  therapeutic  agent  which,  limited 
to  the  skin,  is  capable  of  producing  acute  cutaneous  sensation 
which  ceases  suddenly  with  the  operation,  which  can  be  graduated 
from  simple  titillation  to  the  most  acute  pain,  either  tlirough  all 
intermediate  degrees,  or  by  passing  suddenly  from  one  extreme  to 


cannot  be  entirely  due  to  the  differences 
in  their  tension. 

"  I  have  demonstrated  by  the  apparatus 
represented  in  the  figure  (fig.  1) ;  which 


is  composed  of  two  straight  electro-miig- 
nets  B  and  D,  furnished  with  induction 
bobbins  at  their  polar  extremities,  that 
when  the  two  anuatures  E  F  and  G  H 


Fig.  1. 


are  let  down  over  the  poles  of  the 
magnets,  the  induced  currents  excited  by 
the  closing  and  opening  of  the  inductive 
current  across  the  bobbins  A  and  C, 
although  more  intense  in  their  action 
upon  the  galvanometer  than  when  the 
armature  E  F  is  raised,  give  much  more 
powerful  sliocks  in  the  latter  case;  and 
yet  the  two  currents,  measured  by  the 
rheostat,  have  the  same  tension.  It  is 
imirossible  to  ascribe  this  diilorpncc  of 
action  to  the  difference  in  the  rapidity 
of  tlie  demagnetization  of  the  magnetic 
centres  in  tlic  two  cases;  because  the 
same  effects  are  produced  by  interrupting 
the  two  inductive  and  induced  currents 
simtdtaneously  by  means  of  a  double 
toothed  wheel.  Moreover,  this  eflfcct  is 
not  the  only  one  of  its  kind  that  could 


be  cited;  and  I  have  shown  that,  under 
certain  etrcumstances,  the  inverse  current, 
which  never  gives  appreciable  physio- 
logical efiects,  yields  some  that  are  more 
energetic  than  those  of  the  direct  current. 
Furthermore,  w-e  know  that  the  negative 
pole  of  the  induced  current  re-acts  most 
powerfully  upon  the  animal  economy; 
although  the  experiments  of  51.  Eiess 
and  myself  have  shown  that  tlie  current 
of  the  positive  ))ole  possesses  the  greater 
tension.  We  must  therefore  conclude,  as 
I  have  said,  that  the  reciprocal  relations 
between  the  nervous  .system  and  the 
action  of  electricity  are  not  sufficiently 
understood,  in  the  jiresent  state  of  science, 
to  furnish  us  with  a  priori  exjilauations 
of  all  the  phenomena  that  have  been 
observed." 
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the  other,  without  ever  disorganizing  the  skin,  or  leaving  any 
trace  behind  further  than  a  slight  erythema  or  a  little  elevation  . 
of  the  papillas.  It  is  evident  that  such  an  agent  will  fulfil  a 
number  of  indications ;  whether  we  wish  to  excite  the  sensibility 
of  the  skin,  as  in  cases  of  cutaneous  aneesthesia ;  or  whether  we 
w  ish  to  produce  some  revulsive  local  action,  as  in  neuralgic  and 
rheumatic  pains.  This  cutaneous  excitation  may  be  repeated 
frequently,  and  may  be  applied  to  all  points  of  the  surface,  even 
of  the  face,  since  it  leaves  no  mark  behind ;  and  it  may  be  con- 
trolled in  accordance  with  the  excitability  of  every  patient,  or  of 
any  region  of  the  body. 

There  is  often  need  for  an  intense  current  in  the  treatment  of 
certain  muscular  affections.  In  such  cases,  only  induced  elec- 
tricity is  applicable ;  since  it  does  not  exert  the  calorific  action  of 
contact  electricity. 

The  chemical  or  electrolytic  action  of  induced  electricity  is  so 
feeble,  that  it  is  useless  as  a  means  of  coagulating  the  blood,  in 
the  treatment  of  aneurisms.  Induction  instruments  will,  however, 
even  when  of  small  size,  exert  a  considerable  influence  upon  con- 
tractility, and  this  greatly  facilitates  their  employment. 

A. — The  different  jphysiological  actions  of  the  induced  currents  of 
the  first  and  of  the  second  helix  cannot  he  applied  indifferentltj  in 
practice. 

The  two  induced  currents  (of  the  first  and  of  the  second  helix) 
the  physiological  properties  of  which  are  so  dissimilar,  should 
exert  a  different  therapeutic  action,  answering,  for  each  of  them, 
to  some  special  indications.  Although  empirical  trial  has  often 
played  a  principal  part  in  therapeutics,  we  should  nevertheless  be 
guided  in  such  empiricism  by  the  physiological  action  of  medicinal 
agents.  The  path  that  I  have  followed,  in  the  therapeutical  use 
of  the  currents  of  the  two  helices,  has  been  that  which  was  traced 
out  for  me  by  physiological  experiment.  If,  however,  the  phy- 
siological differences  between  the  currents  had  been  scarcely 
sensible,  I  should  in  that  case  have  drawn  from  them  no  thera- 
peutical deductions  ;  in  order  not  to  complicate  unnecessarily  the 
art  of  medical  electricity,  which,  as  we  shall  see,  is  sufficiently 
difficult  already.  There  must  be  something  more  than  slight 
varieties  between  these  physiological  properties.  1  may  say, 
without  exaggeration,  as  regards  their  effect  on  the  cutaneous 
sensibility,  that  they  differ  as  water  that  is  warm  differs  from  w^ater 
that  is  boiling,  or  as  iron  slightly  warm  differs  from  iron  that  is 
white-hot. 

We  do  not,  indeed,  find  so  great  a  difference  between  the  two 

D 


34 


LOCALIZED  ELECTRIZATION. 


currents  as  regards  their  other  properties ;  altliougli  even  for 
these  it  is  very  notable;  and  if  applied  indifferently  in  certain 
cases,  and  under  certain  conditions,  the  cm-rents  will  produce 
accidents  more  or  less  serious. 

Nothing  has  enabled  me  to  foresee  tlie  existence  of  these  pro- 
perties ;  and  I  have  only  become  acquainted  witli  them  by  long 
practical  experience,  and  always  at  the  expense  of  the  patients 
operated  upon ;  or,  in  other  words,  by  accidents.  Among  recent 
examples,  in  faradization  of  the  testes,  in  a  case  of  impotence,  with 
the  current  of  the  second  helix,  (two  moist  rheophores,  one  in  front 
the  other  behind,  were  applied  to  the  scrotum  at  tlie  level  of  the 
testes),  the  patient  experienced  some  pain.  Instead  of  diminishing 
the  force  of  the  current,  I  changed  it  for  the  current  of  the  first 
helix  (by  turning  the  index  of  the  commutator  of  helices  of  my 
electro-dynamic  apparatus),  thinking  that,  as  the  tension  of  the 
latter  was  far  less,  it  might  penetrate  less  deeply,  and  perhaps 
produce  less  sensation.  The  very  contrary  took  place,  the  pain 
becoming  much  more  acute.  It  seemed  to  the  patient,  so  to 
speak,  as  if  the  testes  were  being  torn  from  the  cord.^  The  same 
thing  has  occurred  in  every  patient  with  whom  I  have  repeated 
the  same  experiment.  The  epididymis  and  the  cord  are  alike 
much  more  sensitive  to  the  excitation  of  the  first  than  of  the 
second  helix.  Another  time,  having  to  treat  paralysis  of  the 
bladder,  1  introduced  one  rheophore  into  that  viscus,  and  another 
into  the  rectum  (for  the  construction  of  the  rheophores,  see  page 
95),  and  caused  the  passage  of  a  sufficiently  strong  current  from 
the  second  helix,  with  two  intermissions  in  a  second.  Tlie  patient 
felt  only  a  very  bearable  sensation.  But,  as  the  tension  of  the 
current  was  very  great,  it  was  difiicult  to  avoid  its  penetration  to 
the  sacral  plexus,  in  such  a  way  as  to  produce  powerful  shocks 
in  the  lower  limbs.  I  therefore  changed  suddenly,  without  any 
warning,  to  the  current  of  the  first  helix,  on  account  of  its  lower 
tension.  The  patient  immediately  complained  of  horrible  pain  in 
the  hypogastrium.  Three  other  patients,  who  were  then  under 
treatment,  all  complained  of  similar  pains  under  the  same  circum- 
stances. I  have  often  repeated  the  experiment,  when  acting 
solely  upon  the  bladder  or  the  rectum  with  a  double  rheophore 
that  will  be  described  hereafter;  and  the  local  sensation  has 
always  been  incomparably  stronger  from  the  current  of  the  first 


"  The  patient  was  a  distinguislicd  jiro-  i  and  the  current  of  the  first  order  have  no 
fcssor  of  physics ;  and  certainly,  after  tliis  elective  properties  with  rei^ard  to  this  or 
arqumenlum  ad  Jiominem,  ho  would  no  that  function,  but  they  liave  a  more  or 
longer  hold  the  opinion  of  MM.  Bee-  less  energetic  action,  by  reason  of  their 
quercl,  who  wrote  "The  extra  current  tension." 
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helix  than  from  tliat  of  the  second.  These  experiments  are  not 
harmless ;  because  in  many  cases  the  acute  sensations  have  been 
followed  by  neuralgic  pains  in  the  organs  over-excited.  The 
difference  in  the  action  of  the  two  currents  upon  the  sensibility  of 
the  retina  is  far  from  being  as  great  as  in  the  preceding  cases ;  but 
I  have  seen  many  persons  who  have  been  inconvenienced  by  bril- 
liant phosphenes,  produced  by  the  current  of  the  second  helix, 
when  I  have  excited  regions  supplied  by  the  branches  of  the  fifth 
pair,  such  as  the  face  or  the  tongue.  Patients  have  been  even 
fearful  about  their  sight,  and  have  complained  of  muscse  volitantes, 
after  such  operations. 

These  facts  show,  therefore,  that  the  currents  of  the  two  helices 
must  not  be  employed  indifferently  or  indiscriminately ;  and  that 
the  practitioner  must  be  circumspect  in  the  selection  of  one  or  the 
other  of  them. 

— Gases  in  which  we  should  employ  hj  preference  the  current  of 
the  first  or  of  the  second  helix. 

The  differential  action  of  the  currents  of  the  two  helices  being 
known,  it  is  easy  to  foresee  in  what  cases  the  one  or  the  other 
should  be  chosen. 

The  extreme  energy  with  which  the  current  of  the  second  helix 
acts  upon  the  sensibility  of  the  skin,  renders  it  a  most  valuable 
agent  in  the  treatment  of  cutaneous  ansesthesia,  or  in  producing 
a  cutaneous  revulsion  or  shock  greater,  if  desired,  than  that 
of  the  actual  cautery,  without  any  destruction  of  tissue,  e.g.,  in 
rheumatoid  and  neuralgic  affections.  It  is  unnecessary  to  add 
that  the  current  of  the  second  helix  will  succeed  in  a  number  of 
"  cases  in  which  that  of  the  first  would  be  wholly  powerless.  I  have 
frequently  seen  cutaneous  anaesthesia  yield  rapidly  to  the  current 
of  the  second  helix,  when  an  apparatus  possessing  only  the  cur- 
rent of  the  first  helix  more  powerful  than  the  former  in  exciting 
muscular  contraction,  had  failed  to  exert  upon  it  any  appreciable 
influence ! 

If  it  be  desired  to  practise  electric  excitation  upon  deep  masses 
of  muscle,  protected  by  thick  aponeuroses  or  covered  by  an  adipose 
subcutaneous  cellular  tissue,  thick  or  oedematous,  the  current  of 
the  second  helix  perfectly  fulfils  the  indication,  by  virtue  of  its 
greater  tension ;  or,  in  other  words,  on  account  of  its  power  of 
penetration. 

Again,  the  current  of  the  second  helix,  which  acts  less  upon  the 
muscular  sensibility  than  that  of  the  first,  should  be  preferred 
when  it  is  desired  to  provoke  energetic  contraction  with  as  little 
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pain  as  possible ;  as  in  children,  and  in  cerebral  paralysis,  when  it 
is  necessary  to  avoid  reaction  of  the  nervous  centres. 

The  current  of  the  first  helix,  the  tension  of  which  is  feeble, 
succeeds  perfectly  in  cases  where  it  is  desired  to  excite  acutely  the 
sensibility  and  the  contractility  of  small  and  superficial  muscles, 
without  going  beyond  their  limits ;  as  in  paralysis  with  muscular 
insensibility,  or  local  atrophy.  In  paralysis  of  the  seventh  pair, 
for  instance,  when  the  electric  contractility  is  more  or  less  weakened, 
it  is  indicated  to  excite  acutely  the  muscles  that  are  paralysed. 
These  are  of  sinall  thickness,  and  it  is  necessary  to  select  for  them 
the  current  of  least  tension  (that  of  the  first  helix)  when  it  is  not 
wished  to  carry  the  excitation  too  deeply. 

The  singular  property  possessed  by  the  current  of  the  first  helix, 
of  exciting  acutely  the  sensibility  of  the  bladder  and  rectum,  is 
valuable  in  cases  where  these  organs  are  the  subjects  of  simple 
anaesthesia, '  or  wlien,  at  the  same  time,  their  contractility  is  lost 
or  diminished.  I  shall  describe  hereafter  a  case  of  anassthesia 
of  the  bladder,  which  by  itself  constitutes  a  serious  affection,  since 
the  patient,  feeling  no  desire  to  micturate,  allows  the  organ  to 
become  distended,  and  is  unconscious  of  its  fulness  untO.  this  is 
manifested  by  dribbling.  By  such  distension,  the  bladder  becomes 
paralysed  secondarily.  In  such  a  case  it  is  plain  that  the  current 
of  the  first  helix  would  be  indicated ;  but  in  a  case  of  muscular 
paralysis  of  the  bladder,  where  one  feared  any  over-excitation  of 
the  sensibility,  the  current  of  the  second  helix,  which  acts  power- 
fully on  the  contractility  and  feebly  on  the  sensibility  of  the  organ, 
ought  to  be  preferred.  The  same  considerations  are  applicable  to 
paralysis  of  the  sensibility  or  of  the  contractility  of  the  rectum.^" 

Different  denominations  of  the  various  hinds  of  electricity. 

It  follows,  from  what  has  been  said,  that  each  of  the  sources  of 
electricity,  of  which  I  have  described  the  physiological  and  thera- 
peutical properties,  responds  to  special  indications.  It  is,  there- 
fore, necessary  to  introduce  a  nomenclature  to  express  clearly  the 
employment  of  each. 

The  word  electrization  should  be  used  only  in  a  general  sense. 

The  application  of  frictional  electricity  may  be  called  datic 


In  the  face  of  the  facts  set  forth  in  I  is  to  omit  fi-om  consideration  e\adenco 
the  preceding  pages,  to  maintain  before  |  obtained  by  electro-physiological  cxperi- 
an  Academy  of  Sciences,  in  tlie  ])rcsent  luonts  and  by  a  long  course  of  clinical 
day,  tliat  the  extra  current  and  tlio  |  observation,  or  is  a  proof  of  such  iguo- 
cnrrcnt  of  tlio  first  order,  indepcndonlly  ranee  as  to  imjily  absolute  incomi>ctence 
of  their  tension,  have  no  elective  proper-  ;  to  deal  with  any  eUx-tro-physiological  or 
ties  with  r(;gard  to  this  or  that  function,    therapeutical  (lucstion. 
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electrization  ;  and  that  of  contact  electricity,  galvanization.  But 
this  last  word  has,  in  general,  been  employed  indifferently  in 
medical  practice,  to  denote  the  use  of  either  contact  or  induced 
electricity.  The  electro-physiological  and  electro-therapeutical 
considerations  above  laid  down  will  render  plain  the  disastrous 
effects  of  such  confusion. 

Since,  then,  it  is  necessary  to  coin  a  word  to  express  exactly 
induced  electricity  and  its  application,  may  we  not  take  the  word 
from  the  name  of  the  discoverer?  The  name  of  Galvani  has 
been  given  to  contact  electricity;  and  I  would  give  to  induced 
electricity  the  name  of  Faraday.  Thus  induced  electricity  itself 
may  be  called  faradism ;  and  its  employment  may  be  called 
faradization.  Such  a  nomenclature  seems  to  me  to  be  the  more 
happy,  since  it  not  only  establishes  a  well-marked  distinction 
between  induced  and  contact  electricity,  but  also  does  honour  to 
the  name  of  a  philosopher  to  whom  medicine  is  indebted  for  a 
discovery  far  more  valuable  in  therapeutics  than  that  of  Galvani." 

[Mr.  J.  Netten  Eadcliffe  has  taken  objection  to  the  nomenclature  adopted 
by  Duchenne  in  respect  of  the  appUcation  of  "  fi-ictional "  and  "  contact  elec- 
ti'icity  "  to  medical  purposes.  The  use  of  the  word  electrization  ,  sometimes  in 
a  general,  sometimes  in  a  special  and  hmited  sense,  is,  he  thinks,  apt  to 
confuse.  The  terms  "frictional  electricity  "  and  "  static  electricity  "  are  words, 
moreover,  passing  into  disuse  among  physicists ;  while  the  terms  "  contact 
electricity"  and  "galvanism"  are  almost  entirely  disused  in  physical  science. 
Ml'.  Eadchffe  thinks  that  it  would  be  an  advantage  to  have  a  series  of  terms 
which,  while  sectu'ing  the  object  which  Duchenne  had  in  view,  would 
not  clash  with  the  nomenclature  adopted  by  physicists.  He  writes,  "  The 
electricity  of  chemical  action  ('  contact  electricity,'  '  galvanism,'  so-called) 
is  more  correctly  and  generally  designated  after  the  name  of  the  original 
discoverer,  Volta,  voltaic  electricity.  Faraday  suggested  that  frictional  elec- 
tricity should  be  termed  after  the  illustrious  philosopher  Franklin,  whose 
name  is  especially  connected  with  its  early  experimental  study,  franldinic 
electricity,  and  the  name  is  now  being  widely  adopted  by  j^hysicists.  By 
applying  the  method  of  terminology  which  Duchenne  has  so  happily  used 
in  respect  of  the  induced  current,  to  other  forms  of  electricity,  a  series  of 
terms  is  obtained  which  would  be  accurate  in  form  as  the  practice  of  nomen- 
clatui-e  goes,  true  to  science  in  fact,  free  from  confusion,  and  particularly 
convenient  in  usage.  The  series  would  be  (1)  furadaic  electricity,  or  fara- 
dism ;  and,  as  respects  the  pathological  and  therapeutical  application  of  the 
agency,  faradization ;  (2)  voltaic  electricity,  or  voltaism  ;  voltaization ;  (3) 
franldinic  electricity,  ov  franklinism;  frankUnization." — ('The  Practitioner,' 
vol.  i.  p.  19.— IT.  T.] 


"At  present,  the  above  nomenclattire 
ia  universally  used  in  practical  mcdiciuo, 


although  MM.  Bccqiicrel  havG  main- 
tained that  it  was  not  acceptalile. 
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CHAPTEE  II. 

LOCALIZED  ELECTRIZATION. 

Part  the  First. 

The  Fundamental  Principles  of  the  Method. 
At  the  commencement  of  my  researches,  having  adhered  to  the 
principles  of  electrization  given  in  special  treatises,  and  my  first 
attemjDts  having  been,  if  not  unfortunate,  at  least  little  encouraging, 
I  was  soon  convinced  that  my  ill  success  might  be  attributed  to 
the  imperfection  of  tlie  operative  proceedings  until  then  in  vogue, 
and  to  v?hich  I  had  had  recourse.  Eeserving  a  critical  examination 
of  them  for  the  next  chapter,  I  may  say  here  that  their  greatest  fault 
is  the  difficulty  of  acting  upon  the  diseased  part  without  exposing 
healthy  organs,  or  even  the .  entire  nervous  system,  to  the  incon- 
veniences or  dangers  of  the  electric  stimulation.  Moreover,  it  is 
impossible,  in  using  these  methods,  to  attain  to  any  exact  study  of 
the  muscular  electro- physiology,  or  electro-pathology. 

It  then  suggested  itself  to  me  that  it  would  be  possible  to  obtain 
more  important  and  more  definite  results,  if  I  could  either  arrest 
electricity  in  the  skin,  without  stimulating  the  subjacent  organs, 
or  cause  it  to  penetrate  the  skin  without  influencing  it,  and  to 
concentrate  its  power  upon  a  nerve  or  a  muscle ;  in  a  word,  to 
make  it  penetrate  to  deeply-seated  organs. 

§  I.  How  to  direct  electricity  through  organs  ?  How  to  set  limits 

to  its  action  ? 

Tliis  problem,  so  difficult  in  appearance,  was  very  simple  in 
reality.  For  its  solution  nothing  was  needed  beyond  a  careful 
analysis  of  the  phenomena  daily  seen  in  practice,  on  applying  to 
the  moist  or  dry  skin,  the  rheopliores  ^  of  an  induction-instrument 
of  medium  power.  The  following  are  the  principal  facts  that 
enabled  me  to  accomplish  the  work  I  had  undertaken.  They  fur- 
nish the  basis  of  localized  electrization. 

1.  If  the  skin,  and  the  metallic  rheophores  are  perfectly  dry, 
and  the  cuticle  of  considerable  thickness,  as  in  persons  who  are 
much  exposed  to  weather  by  their  occupation,  the  current  is 
recomposed  on  the  surface  of  the  epidermis,  without  reaching  the 
dermis,  and  produces  sparks  and  crackling,  but  no  physiological 
phenomena. 


'  [Conductors  or  directors.— J?.  T.J 
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2.  If  tlie  two  rlieopbores,  one  moist  and  the  other  dry,  are 
placed  on  two  points  of  the  surface,  the  person  experimented  upon 
will  feel,  at  the  point  where  the  dry  rheophore  has  developed 
only  physical  effects,  a  superficial  and  evidently  cutaneous  sensa- 
tion. The  opposite  electricities,  in  such  a  case,  are  recomposed  at 
the  dry  point ;  but  after  having  traversed  the  dermis  by  the  aid  of 
tlie  moist  rheophore. 

3.  If  the  skin  be  very  slightly  moistened,  on  a  part  where  the 
epidermis  is  very  thick,  a  sensation  that  is  superficial,  but  sti'onger 
than  in  the  preceding  case,  and  without  either  sparks  or  crackling, 
is  produced  at  the,  poiuts  where  the  dry  metallic  rheophores  are 
placed.  Here  the  electric  recomposition  takes  place  in  the  thick- 
ness of  the  skin. 

4.  Lastly,  if  the  skin  and  the  rheophores  are  both  thoroughly 
moistened,  the  current  produces  neither  sparks,  nor  crackling,  nor 
burning  sensation,  but  very  variable  phenomena  of  contractility  or 
sensibility  ;  accordingly  as  we  act  upon  a  muscle,  or  muscular 
fasciculus,  a  nerve,  or  an  osseous  surface.  In  the  latter  case  an 
acute  pain  of  a  very  peculiar  character  is  experienced ;  insomuch 
that  we  should  carefully  avoid  placing  moist  rheophores  over  such 
surfaces.^ 

It  follows  from  these  experiments  that  we  may,  in  faradization, 
arrest  at  pleasure  the  power  of  electricity  in  the  skin ;  and  that, 
without  puncture  or  incision,  we  may  make  the  current  traverse 
the  skin,  and  may  limit  its  action  to  subcutaneous  organs,  that  is, 
to  nerves,  muscle,  and  even  bone. 

It  is  difficult  to  conceive,  however,  that  electricity  will  act  upon 
subcutaneous  organs  without,  at  the  same  time,  physiologically 
exciting  the  skin  itself.  One  is  apt  to  think  that  the  sensations 
produced  by  electrization  of  deep  organs  are  due  either  to  excita- 
tion of  the  skin  only,  or  of  the  skin  and  the  deep  organs  together. 


2  I  will  attempt  to  generalize  these 
phenomena.  It  is  well  Icnown  that  ten- 
sion electricity  has  a  great  tendency  to 
escape  by  points.  The  same  occurs  with 
dynamic  electricity,  when  recomposition s 
occur  between  the  epidennis  and  cky 
rheophores.  In  fact,  the  epidermis  and 
tli6  rheophores  present  each  a  number  of 
asperities  by  which  the  fluids  of  opposite 
denominations,  proceeding  from  the  bat- 
tery or  the  induction  apparatus  and  the 
body,  escape  to  be  recomposed  and  neutra- 
lized ;  producing  crepitation  and  sparks. 
If  the  skin  has  been  traversed,  the  exci- 
tation is  tlien  superficial,  and  can  only 
produce  cutaneous  phenomena,  that  is, 
cutaneous  sensations.    But  if  the  aspe- 


rities are  abolished  by  a  film  of  water, 
the  electricity  traverses  the  skiu  en  masse 
and  is  recomposed  deeply,  either  in  tlie 
muscles  or  in  bone,  or  in  nerve ;  the  more 
deeply  tlie  more  intense  the  current. 
There  will  then  be  no  more  sparks  or  crack- 
ling, or  cutaneous  sensations;  but  only 
physiological  phenomena  in  accordance 
with  the  functions  of  the  organs  that  are 
excited.  These  latter  phenomena  display 
a  difference  between  the  physiological 
effects  of  tension  electricity  and  dynamic 
electricity.  The  foimer  always  produces 
electric  recomposition  between  the  rheo- 
pliore  and  the  epidcrnais,  in  whatever 
manner  the  operation  is  performed. 
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The  following  experiments  may  serve  to  show  that  the  sensaticm 
produced  during  faradization  of  the  skin  by  dry  rheophores,  applied 
to  an  equally  dry  surface,  is  entirely  the  result  of  cutaneous  exci- 
tation ;  and  that  the  sensation  produced  by  the  application  of  very 
moist  rheophores  to  the  surface,  on  the  level  of  a  muscular  plane, 
can  only  be  attributed  to  direct  excitation  of  the  muscle. 

First  experiment. — Having  found,  in  a  wounded  patient  in  the  Hotel  Dieu, 
a  part  of  the  external  crural  miiscle  laid  bare,  I  applied  over  the  muscle,  and 
on  the  denuded  portion,  a  dry  metalUc  rheophore.  The  resulting  contraction 
was  accompanied  by  a  dull  sensation,  special  to  electro-muscular  contraction. 
I  then  placeiJ  the  same  rheophore  on  the  plane  of  the  same  muscle,  but  upon 
uninjured  skin,  and  I  obtained  only  a  burnmg  sensation,  without  muscular 
contraction.  Having  replaced  the  metallic  rheophore  by  moist  sponges 
contained  in  the  exciting  cylinders,  and  these  being  placed  upon  the  skin,  in 
a  plane  corresponding  to  the  crural  muscle,  I  obtained  contraction,  with  the 
same  pecuUar  dull  sensation  that  was  j)roduced  when  the  di'y  metalUc  rheo- 
phore was  in  contact  with  the  denuded  muscle. 

Second  experiment. — A  patient,  in  whom  the  radial  nerve  had  been  desti'oyed 
by  a  bullet-wound  of  the  lower  part  of  the  arm,  had  lost  the  scnsibihty  and 
the  electric  contractility  of  the  muscles  of  the  posterior  region  of  the  forearm ; 
while  the  sensibihty  of  the  skin  remained  intact,  from  the  integrity  of  the 
cutaneous  nerves.  I  applied  the  dry  metallic  rheophores  on  the  slrin  of 
the  anterior  and  posterior  antibrachial  regions,  and  they  produced  an  acute 
burning  sensation.  I  replaced  the  dry  rheophores  by  the  cylinders  with 
wet  sponges,  which  produced  in  the  posterior  region  neither  sensation  nor 
contraction,  although  contractions  attended  by  sensation  were  manifested  in 
the  anterior  region ;  where  also  the  burning  sensation  produced  by  the  di-y 
rheophores  was  replaced  by  the  dull  and  peculiar  sensation  of  muscular 
contraction. 

I  have  many  times  repeated  similar  experiments  in  other  patho- 
logical conditions,  not  only  on  muscles,  but  on  mixed  nerve- 
trunks  ;  and  I  have  arrived  at  the  conviction  that  the  electric 
excitation  may  reach  a  muscle  or  a  nerve,  without  exerting  any 
action  upon  the  skin  in  its  course. 

It  should,  however,  be  remembered,  that  in  certain  cases  sensa- 
tions really  produced  by  the  excitation  of  the  skin,  or  of  the 
cutaneous  nerves,  may  be  attributed  to  muscular  sensibility  alone. 
In  order  to  explain  how  such  an  error  may  be  avoided,  it  is  neces- 
sary to  enter  into  certain  details. 

(a).  It  has  just  been  shown  by  experiment  that,  if  the  skin 
and  the  rheophores  are  sufficiently  moist,  and  in  perfect  contact, 
the  former  is  traversed  by  the  current  without  being  excited ;  and 
that  the  electric  recomposition  takes  place  more  or  less  deeply  iu 
the  subcutaneous  tissues.  But  at  the  moment  when  the  rheo- 
phores and  the  skin  are  brought  into  contact,  and  when  contact  as 
yet  is  not  perfect,  the  surface  presents  certain  asperities  which 
occasion  electric  recompositious,  attended  by  sensations  of  prick- 
ing and  burning,  and  even  by  crepitation  aud  sparks,  especially  if 
the  current  be  that  of  the  second  helix,  with  its  power  of  exciting 
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cutaneous  sensibility,  and  if  the  current  be  sufficiently  strong. 
The  same  phenomena  are  repeated  at  the  moment  of  separating 
the  rheophores  from  the  skin.  In  order  to  avoid  this  electro- 
cutaneous  excitation  during  the  faradization  of  muscle,  it  is  neces- 
sary to  avoid  establishing  the  current  until  the  contact  between 
the  skin  and  the  rheophores  is  complete.  (I  shall  hereafter  point 
out  the  precautions  to  be  taken  in  order  not  to  produce  cutaneous 
sensations.) 

(b).  The  moist  rheophores  act  invariably  upon  the  cutaneous 
nerves  when  placed  over  their  coui-se.  In  order  to  study  the 
phenomena  resulting  from  their  excitation,  the  tension  of  the 
current  should  not  be  sufficient  to  penetrate  to  the  muscles. 
The  faradization  of  a  cutaneous  nerve  produces  a  sensation  which 
is  continued  along  the  course  of  the  nerve,  beyond  the  point 
excited,  to  the  finest  ramifications ;  where  it  occasions  tingling 
and  pricking,  proportionate  to  the  degree  of  intensity  of  the 
current,  and  the  rapidity  of  the  intermittences.  The  sensations 
are  also  more  acute  when  the  nerves  are  excited  at  a  point  near 
to  their  finest  ramifications :  thus  they  are  produced  more  strongly 
by  faradization  of  the  collateral  nerves  of  the  fingers  and  toes, 
than  of  the  cutaneous  nerve  higher  up.  The  excitability  of  the 
cutaneous  nerves  differs  greatly.  It  is  carried  to  the  highest 
degree  in  some  of  them ;  the  frontal,  for  example,  derived  from 
the  opthalmic  of  Willis,  cannot  be  touched  without  provoking 
acute  pain  in  the  faradized  point,  spreading  from  thence  to  all 
the  ramifications.  In  other  nerves  faradization  is  only  appreciable 
by  the  extension  of  slight  tingling  over  the  regions  of  their  distri- 
bution. The  cutaneous  nerves  of  the  limbs  are  generally  in  this 
latter  condition. 

A  knowledge  of  these  phenomena  renders  it  possible  to  dis- 
tinguish the  complex  sensation,  due  to  the  simultaneous  excita- 
tions of  cutaneous  nerve  and  muscle,  from  that  which  is  the  result 
of  the  excitation  of  muscle  alone.  Indeed,  when  the  moist  rheo- 
phores are  placed  on  the  plane  of  a  muscle,  and  over  an  excitable 
cutaneous  nerve,  the  participation  of  the  latter  is  shown  by  the 
tingling  or  pricking  which  extends  along  its  ramifications,  and  by 
a  special  pain,  if  the  nerve  be  very  sensitive,  limited  to  the  point 
excited.  When  the  rheophores  are  so  moved  as  to  avoid  tho 
cutaneous  nerve,  the  tinglings  and  the  local  pain  cease  instantly, 
and  allow  the  purely  muscular  sensations  to  be  perceived. 

§  II.  Is  it  possible  to  concentrate  the  electric  force  in  a  muscle? 

We  are  met  here  by  an  objection  seemingly  very  serious,  which 
would  present  itself  Uiiturally  to  all  minds,  and  which  nearly 
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arrested  me  at  the  beginning  of  my  researches.  If  it  he  true  that 
we  can  concentrate  the  electric  force  in  a  muscle,  is  it  also  certain 
that  the  resulting  excitation  ivill  not  itself  produce  the  phenomena 
called  reflex,  h/  reacting  upon  the  nervous  centres  ?  In  other  words, 
is  it  not  to  he  feared  that  the  electrization  of  a  muscle  may  provoke  not 
merely  its  own  contraction,  hut  also  that  of  other  muscles  ?  If  it  had 
been  so,  I  should  certainly  have  renounced  my  idea  as  a  chimera, 
and  all  the  researches  that  I  owe  to  its  realization  would  have  to 
be  recommenced.  The  following  experiments  have  convinced  me 
that  the  reflex  action  of  the  cord  does  not  disturb  the  muscular 
phenomena  produced  by  localized  electrization  : — 

First  experiment. — Having  removed  the  skin  from  the  face  of  a  living  rabbit, 
I  divided  the  facial  nerve  of  one  side  only,  in  order  that  the  muscles  supplied 
by  it  might  be  cut  off  from  all  connection  with  the  cord.  I  then  applied 
electric  excitation  to  each  muscle  of  the  face,  alternately  on  the  two  sides. 
The  muscles  contracted  separately,  and  equally  on  both  sides. 

Second  experiment. — I  then  destroyed  the  brain  of  the  same  animal,  in  order 
to  place  the  cord  in  a  condition  favourable  to  the  production  of  reflex  action, 
and  again  excited  the  muscles  as  before.  The  results  were  absolutely  the 
same. 

A  similar  experiment  on  the  muscles  of  the  lower  Hmbs,  after  having  excised 
a  portion  of  one  of  the  sciatic  nerves,  produced  similar  results. 

Third  experiment. — After  having  decapitated  a  number  of  frogs,  I  destroyed 
the  spinal  cord  in  some,  leaving  it  intact  in  others.  In  all  these  frogs  I  threw 
individual  muscles  into  contraction,  even  the  little  muscles  of  each  claw, 
without  any  mingling,  even  in  those  with  spinal  cord  unhiu't,  of  the  least  con- 
traction due  to  reflex  excitement. 

Fourth  experiment. — When  in  the  human  subject  we  compare  the  contrac- 
tion of  the  muscles  of  a  perfectly  anaesthetic  limb  with  those  of  a  Limb  in 
which  sensation  is  perfect,  we  do  not  discover  any  difference  between  the  two, 
as  regards  the  manner  in  which  the  muscles  respond  to  localized  faradization. 
In  both,  each  muscle  contracts  singly. 

Fifth  experiment. — In  cases  of  cerebral  hemiplegia  (a  condition  favourable 
to  the  production  of  reflex  phenomena)  locahzed  faradization  produces  isolated 
contractions  as  certainly  on  the  diseased  side  as  on  the  healthy  one. 

I  may  add  that,  in  all  my  experiments  upon  men  and  animals,  I  have  made 
single  muscles  and  single  fasciculi  conti'act  with  as  much  facility  and  cer- 
tainty as  when  acting  on  the  muscles  laid  bare,  and  fi-eshly  removed  from 
their  positions.  I  have  publicly  repeated  these  compai-ative  experiments  at 
the  H6tel  Dieu,  at  La  Charite,  and  at  the  Lariboisiere  Hospital. 

Sixth  experiment. — In  1852, 1  made  some  interesting  experiments  upon  a 
patient  in  La  Charite  (tmder  M.  Cruveilhier),  in  whom  reflex  phenomena  were 
very  easily  developed.  The  lower  limbs  were  entii-ely  deprived  of  movement ; 
and  yet  the  slightest  impression  on  any  part  of  the  slcin  covering  them  threw 
them  into  violent  action  wliich  he  was  unable  to  control. 

Cutaneous  excitation  of  the  upper  limbs,  however  powerful,  produced  no 
movement  of  the  lower.  If  the  sensation  experienced  by  the  patient  was 
slight,  as  when  a  finger  was  drawn  over  his  thigh,  the  movement  would  be 
trifling,  and  confined  to  the  limb  touched ;  but  if  the  sensation  were  greater, 
the  movement  would  be  more  extensive,  and  would  be  executed  by  both  hmbs 
at  once. 

The  movements  consisted  always  of  flexion  of  the  thigh  upon  the  pelvis, 
of  the  leg  upon  the  thigh,  and  of  the  foot  upon  the  leg.  I  never  saw  any 
contraction  of  the  muscles  antagonistic  to  tlio  flexors.   The  movements  were 
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evidently  due  to  the  rcflox  action  of  the  cord,  called  forth  by  excitation  of  the 
skin  of  the  paralysed  limbs. 

I  wished  to  discover  whether  electro-mnscvilar  excitation  would  produce 
reflex  action  with  the  same  facility,  when  individual  muscles  were  made  to 
conti-act.  At  the  instant  of  applying  the  moist  rheophores  to  the  skin,  on  the 
surface  over  the  tibialis  anticus,  the  entire  limb  was  thrown  into  the  state 
of  flexion  described  above.  This  was  entirely  due  to  the  touch  of  the  sponges 
wet  with  cold  water ;  the  apparatus  being  not  then  in  action. 

Immediately  after  the  limb  had  fallen  again  into  its  habitual  inertia,_  the 
rheophores  remaining  all  the  time  in  contact  with  the  same  points  of  skin,  I 
discharged  one  intermission  of  an  induced  current  of  moderate  strength.  To 
my  gi-eat  surprise  the  tibialis  anticus  contracted  singly,  without  producing 
any  reflex  action  in  the  other  muscles. 

I  repeated  this  experiment  seven  or  eight  times  in  succession  (that  is,  with 
a  single  intermission  of  an  induced  ciirrent.each  time),  and  obtained  always 
the  isolated  contraction  of  the  tibialis  anticus,  although  the  power  of  the 
instrument  was  gradually  increased  to  its  maximum,  and  although  the  patient, 
each  time,  experienced  a  marked  sensation.  It  was  also  easy  to  obtain,  in 
the  same  manner,  the  contraction  of  every  one  of  the  muscles  of  the  lower 
limbs. 

I  repeated  the  same  experiments,  only  employing  a  ctu-rent  of  very  rapid 
intermissions  in  place  of  that  with  the  intermissions  distant.  (The  effect  upon 
the  sensibility  was  heightened  by  the  rapidity,  a  subject  to  which  I  shall 
recur  in  the  following  chapter).  The  phenomena  changed ;  and  the  isolated 
musciilar  conti'action  was  followed  by  energetic  contractions  due  to  reflex 
action.  The  very  acute  sensation  experienced  by  the  patient  had  been  trans- 
mitted to  the  nervous  centres,  and  had  produced  reflex  contraction. 

It  follows  from  the  above  that  reflex  contractions  are  produced 
during  electro-muscular  excitation  only  in  certain  pathological 
conditions ;  and  that  it  is  possible  even  in  these  conditions  to 
make  individual  muscles  contract  singly,  by  directing  upon  them 
an  induced  current  of  slow  intermissions,  so  as  to  produce  only  a 
moderate  sensation. 

It  appears  also  to  be  shown  that  reflex  action  is  more  readily 
provoked  by  excitation  of  the  skin,  than  by  excitation  of  the 
muscular  sensibility. 

I  used  to  accumulate  here  proofs  in  refutation  of  the  objec- 
tions urged  against  localized  electrization  in  1848  ;  and,  if  I  still 
recur  to  them,  it  is  because  a  distinguished  writer,  M.  J.  Gruerin,  to 
whom  science  is  indebted  for  valuable  contributions  on  muscular 
pathology,  has  attempted,  in  a  critical  article  published  in  the 
*  Gazette  Medicale,'  by  objections  founded  upon  the  reflex  action 
of  the  cord,  to  set  aside  localized,  electrization,  and  all  the 
researches  that  flow  from  it. 

From  the  whole  of  the  facts,  it  appears,  in  the  plainest  manner, 
that  electrization  will  cause  a  muscle  to  contract  singly,  without 
provoking  other  muscles  to  reflex  contractions,  even  in  the  states 
most  favourable  to  the  latter  phenomena. 

^  It  has  hence  been  possible  for  me  to  create  this  method,  which 
limits  electric  excitation  to  each  of  tho  organs,  without  its  being 
necessary  to  puncture  or  incise  the  skin.    I  sliall  now  endeavour 
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to  explain  the  various  procedures ;  and  shall  treat  in  succession  : — 
1,  of  muscular  electrization  ;  2,  of  cutaneous  electrization ;  and,  3, 
of  the  electrization  of  internal  organs,  the  organs  of  the  senses, 
and  of  the  genito-urinary  apparatus. 

Paet  the  Second, 
localized  musculae  electrization. 
In  order  to  confine  the  electric  action  within  one  of  the  muscle:=, 
or  the  nerves  which  supply  them,  is  it  a  matter  of  indiiference 
which  variety  of  electricity  is  used?  This  question  can  be 
answered  only  by  studying  muscular  electrization  separately; 
(1)  by  static  electricity;  (2)  by  contact  electricity  (muscular 
galvanization)  ;  and  (3)  by  induced  electricity  (muscular  faradiza- 
tion). 

§  I.  Localized  muscular  electrization  hy  static  electricity. 

I  have  already  shown,  in  Chapter  I.,  that  static  electricity  cannot 
penetrate  to  muscular  tissue  without  also  exciting  the  skin,  on  tlie 
surface  of  which  recomposition  always  occurs,  and  produces  an 
electric  spark.  It,  therefore,  cannot  be  used  for  the  comparative 
study  of  the  sensibility  of  the  skin  and  of  the  muscles,  in  electro- 
physiological and  pathological  researches. 

The  muscular  contractions  that  it  excites  being  inevitably 
abrupt,  cannot  be  used  for  the  study  of  muscular  function. 

Lastly,  the  shock  that  is  inseparable  from  its  employment, 
the  rupture  of  capillary  vessels  that  it  occasions,  the  kind  of 
torpor  that  it  produces  in  oi'gans,  the  bulk  of  the  apparatus  by 
Avhich  it  is  liberated,  all  these  together,  in  a  word,  should  restrain 
more  and  more  the  use  of  static  electricity  in  medicine. 

It  would  nevertheless  be  a  great  error  to  reject  static  electricity 
entirely,  and  always  to  prefer  tlie  dynamic,  on  the  ground  that  the 
latter  is  not  attended  by  the  same  inconveniences,  and  because  it 
possesses  special  properties,  marvellously  appropriate,  as  we  sljall 
see,  to  localized  electrization.  In  my  hands  static  electricity  has 
been  of  great  utility  in  certain  cases  in  which  the  other  varieties 
have  been  insufficient.^ 

In  fact,  the  subcutaneous  cellular  tissue  is  sometimes  so  abundant, 
or  so  "infiltrated  by  serosity,  that  the  most  intense  currents  from 
an  induction-apparatus  will  not  reach  the  muscles.  We  then  may 
find,  in  the  discharge  of  a  Leyden  jar,  an  electric  tension  strong 
enough  to  overcome  the  resistance  of  the  tissue  behind  which  the 
muscles  or  the  nerves  are  sheltered. 


"  [See  Note,  p.  9.—//.  T.\ 
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I  use  the  following  method  of  discharging  the  two  electricities, 
accumulated  in  a  Leyden  jar,  upon  the  muscle  that  I  wish  to 
excite,  and  of  graduating  the  force  in  such  a  manner  as  not 
to  produce  a  general  shock. 

The  apparatus  necessary  consists  of  an  electric  machine,  a 
Leyden  jar,  and  a  Lane's  electrometer  placed  upon  the  table  of 
the  machine. 

The  interior  coating  of  the  Leyden  jar,  A  (fig.  2),  is  placed  in 
connection  with  the  arms,  c,  of  the  conductor  of  the  electric  machine 
B,  by  means  of  a  conductor  D.  This  interior  coating  also  com- " 
municates  with  E,  the  knob  of  one  of  the  horizontal  branches  of 
the  electrometer.  This  branch  is  insulated  by  the  glass  upright 
F,  on  which  it  rests.  The  external  coating  of  the  jar  is  connected 
by  the  conductor  Gr'  with  the  upright  H,  which  communicates  with 
the  second  branch  of  the  electrometer.  Two  exciters,  terminating 
in  the  knobs  J  and  K,  mounted  on  long  insulating  handles  of 
glass,  are  placed  in  connection,  J  with  the  branch  H',  K  with  the 
extremity  L,  of  the  conductor  of  the  electrical  machine. 


Fig.  2. 


AH  things  being  thus  arranged,  the  operator  applies  the  exciter 
J ,  which  receives  the  positive  electricity  of  the  exterior  coating  of 
the  jar,  to  a  point  of  skin  over  tlie  muscle  that  he  wislies  to  make 
contract ;  and  when  he  desires  to  excite  the  contraction,  he  brings 
tlie  other  exciter,  K,  wliich  receives  the  negative  electricity  of  the 
interior  coating,  nearly  but  not  quite  in  contact  with  the  skin,  over 
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the  surface  of  the  same  muscle.   It  is  necessary  that  the  extremities 
of  the  excitors  should  always  be  at  least  two  centimetres  distant 
from  each  other.    The  force  of  the  discharge  is  regulated  by  the 
number  of  revolutions  of  the  plate.    If  only  a  feeble  contraction  i 
be  desired,  the  excitor  K  is  brought  near  to  the  skin  after  one  or 
two  turns  only.   To  obtain  a  stronger  contraction,  a  greater  or  less 
number  of  additional  turns  must  precede  the  discharge.    It  may 
happen,  hoM'ever,  from  error  or  inadvertence,  that  the  jar  is  too 
powerfully  charged  ;  and  that  its  discharge  may  produce  either  a 
very  strong  contraction,  or  an  action  that  penetrates  to  one  of  the 
neighbouring  muscles,  or  a  very  painful  sensation,  that  is  followed 
by  general  excitement  contra-indicated  in  the  particular  case.    It  j 
is  to  avoid  such  mischances,  troublesome  and  sometimes  dangerous, 
that  I  use  Lane's  electrometer.    Of  its  two  uprights,  H  and  F, 
the  former  is  movable,  and  can  be  made  to  approach  or  recede 
from  the  latter  by  the  screw  M.   A  scale  of  millimetres,  placed  at  j 
the  base  of  H,  indicates  the  distance  between  the  balls  J'  and  E'.  j 
Before  discharging  the  jar  upon  a  muscle,  I  regulate  the  force  by 
approximating  or  separating  these  balls,  according  to  the  degree 
of  excitability  of  the  muscle,  the  region  in  which  it  is  situated, 
and  the  therapeutic  end  that  is  desired.    If  I  should  be  deceived  j 
about  the  number  of  turns  of  the  plate,  the  jar  cannot  be  over-  ' 
charged,  because  the  accumulated  vitreous  and  resinous  electricities  ' 
will  reunite  and  neutralize  each  other  between  the  two  knobs  E' 
and  J',  as  soon  as  they  acquire  sufficient  tension  to  overcome  the 
resistance  of  the  intervening  air ;  a  resistance  which  is  well  known 
to  be  in  direct  proportion  to  the  distance  between  the  knobs. 

Is  it  desirable  to  have  recourse  to  the  advantages  of  the  above 
procedure  of  muscular  electrization,  in  the  application  of  tension 
electricity  ?  Is  it  not  evident  that  it  concentrates  its  action  upon 
the  muscles  that  require  treatment,  without  exposing  healthy 
organs,  and  especially  the  nervous  centres,  to  the  dangers  of  an 
inopportune  excitation  ?  The  procedure  admits  of  directing  very 
strong  discharges  upon  the  muscles,  when  their  pathological  con- 
dition needs  such,  either  from  atrophy,  or  from  diminution  or  loss 
of  their  irritability  or  sensibility. 

When,  on  the  contrary,  the  excitors  are  placed  far  apart,  or  one 
of  them  is  held,  according  to  common  practice,  in  one  hand  of  the 
patient,  while  the  other  is  brought  near  to  the  diseased  organ  or 
part  on  which  the  therapeutic  action  of  electricity  is  to  be  directed, 
we  see  the  local  effect  complicated  by  phenomena  of  shock  more 
or  less  extended  or  general ;  so  that  we  cannot,  without  danger, 
exceed  very  weak  doses. 

The  phenomena  of  general  shock  are  always  the  result  of  ex- 
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citation  of  the  nervous  centres.  They  are  analogous  to  an  effect 
that  I  propose  to  discuss  in  Chapter  III.,  under  electrization  by 
reflex  action.  This  excitation  of  the  nervous  centres  may,  it  is 
true,  find  its  indication  in  electro-therapeutics ;  but  it  should  at 
least  be  avoided  when  the  indication  does  not  exist,  or  when  its 
occurrence  might  be  dangerous.  It  is  this  method  of  electrization 
that  occasions,  in  certain  conditions,  serious  accidents,  as  I  shall 
show  in  the  sequel;  and  yet  mountebanks  are  permitted  to  practise 
it  in  public  places  ! 

It  is  a  great  mistake  to  suppose  it  possible  to  localize  electric 
excitation  in  a  muscle,  by  directing  upon  its  surface  the  discharges 
of  a  powerful  electric  machine.  To  correct  this  mistake,  it  is 
sufficient  to  analyse  the  phenomena  of  interior  recomposition 
which  produce  a  kind  of  shock  in  return,  and  which  must  neces- 
sarily overrun  the  whole  nervous  system,  when  a  portion  of  the 
natural  electricity  by  which  the  body  is  pervaded  escapes  from 
a  point  on  the  cutaneous  surface,  to  neutralize  electricity  of  a  con- 
trary name  proceeding  from  a  machine  in  movement. 

Another  advantage  in  the  employment  of  the  Leyden  jar  is  that 
it  then  becomes  unnecessary  to  use  an  electric  machine  of  large  size 
and  high  price;  which  would  with  difficulty  find  a  place  in  the 
consulting-room  of  the  practitioner.  A  small  machine  with  a 
single  conductor,  and  with  a  plate  fifteen  or  sixteen  inches  in 
diameter,  is  sufficient  to  charge  a  powerful  Leyden  jar ;  the  action 
of  which  may  always  be  diminished  at  pleasure  by  Lane's  electro- 
meter, used  as  described  above. 

§  II.  Muscular  electrization  by  contact  electricity,  or  localized 
muscular  galvanization. 

I  have  said  already,  in  the  first  chapter,  which  treats  of  the 
physiological  and  therapeutical  effects  of  the  different  kinds  of 
electricity,  that  galvanic  electricity,  administered  with  an  inter- 
mittent current,  is  distinguished  from  static,  principally  in  that 
it  can  be  made  to  penetrate  the  skin  without  exciting  it,  and 
that  its  action  can  bo  more  easily  localized  in  subcutaneous 
organs.  We  shall  see  that  galvanic  electricity  is  useful  to 
locaUze  electric  action  in  the  muscles  or  in  the  nerves  that  supply 
them. 

Unfortunately,  many  inconveniences  attend  the  application  of 
this  kind  of  electricity  to  muscular  electrization. 

The  calorific  and  electrolytic  action  of  galvanism,  and  its  property 
of  acutely  exciting  the  retina  when  applied  to  the  face,  are  enough, 
I  think,  to  proscribe  its  employment  in  the  study  of  muscular 
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electro-iDliysiology  and  pathology,  especially  that  which  concerns 
the  individual  muscular  action,  and  the  treatment,  by  inter- 
mittent currents,  of  paralyses  of  movement,  particularly  when  the 
treatment  requires  frequent  applications.  What  I  have  before 
stated  in  the  preceding  (first)  chapter,  renders  it  unnecessary  to 
dwell  on  this  part  of  the  subject. 


I. — Medical  Batteries. 

A. — Batteries  of  large  surface  and  with  inconstant  currents. 

For  a  long  period,  the  only  batteries  employed  in  medicine  were 
those  with  inconstant  currents,  in  which  the  electricity  was  pro- 
duced by  the  action  of  sulphuric  acid  upon  a  plate  of  zinc ;  while 
a  plate  of  copper  was  the  collecting  element.  This  was  the  pile 
of  Volta ;  and  it  was  tried  in  succession  in  many  different  forms. 

All  these  forms,  although  they  were  for  a  long  time  used  exclu- 
sively, have  now  been  abandoned  for  medical  purposes ;  because 
they  lose  their  power  after  a  short  period,  and 
because  they  vary  much  during  the  course  of  even 
a  single  experiment,  although  it  may  last  only  from 
ten  to  fifteen  minutes.  I  shall  therefore  content 
myself  by  briefly  recalling  them  by  the  aid  of  figures 
and  descriptions  taken,  for  the  most  part,  from  the 
admirable  treatise  of  M.  de  la  Eive.^ 

{a).  The  columnar  pile  of  Volta  (fig.  3)  is  cele- 
brated as  being  the  first  form  in  which  the  illus- 
trious inventor  realized  his  conception.  It  was 
speedily  abandoned  on  account  of  the  quick  dessica- 
tion  of  the  circles  of  cloth  or  of  paper  which  sepa- 
rated the  disks. 

(fc).  The  wooden  trough  battery  with  fixed  metallic  divisions, 
called  after  its  inventor  the  Cruikshank  battery  (fig.  4),  is  the 

form  in  which  the  great  battery  was 
made  that  was  presented  by  Napoleon 
to  the  Ecole  Polyteehnique  in  180(3.  It 
was  with  this  that  Gav-Lussac  and 
Thcnard  made  their  experiments  in 
1808.  This  form  has  many  inconveni- 
ences, especially  that  it  requires  much 
tiuje  to  prepare ;  and  that,  unless  the  partitions  are  very  securely 
fixed,  they  allow  of  communication  between  the  fluid  in  the  several 
cells. 


Fig.  3. 
Colmnnar  PHe  of  Volta. 


t'Ig.  4. 

Cruiksliank's  Trough  Battery. 


■»  Do  la  Rive,  7}raitd'd'Electricii^ili(forique  et  iiraiique.    Paris,  1854,  t.  i. 
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(c)  .  The  Criiilvshank  battery  was  replaced  by  the  cylindrical 
glass  battery  (fig.  5),  already  suggested  by  Volta,  and  known  as 
the  crown  of  cups 
(couro7ine  de  tasses) 
battery;  or  by  the 
porcelain  trough  bat- 
tery, with  movable 
metallic  elements 

(fig.  6). 

The  Koyal  Insti- 
tution of  London 
possesses  a  battery 
of  this  construction, 
containing  two  thousand  pairs  of  elements.  It  was  with  this  that 
Davy  and  Faraday  conducted  their  admirable  experiments, 

(d)  .  WoUaston's  battery  (fig.  7)  differs  from  the  foregoing 
chiefly  in  having  the  surface  of  the  copper  double  that  of  the  zinc, 
by  which  the  power  is  increased. 


Fig.  5. — Cylindrical  Glass  Battery. 


IF 


Fig.  6.— Porcelain  Trough  Battery 


Fig.  T.— WoUaston's  Battery. 


(e).  In  the  battery  of  Berzelius  (fig.  8),  the  copper  surrounds 
the  zinc,  without  touching  it,  and  serves  to  contain  the  liquid.  In 


Fig.  8.— Berzelius's  battery. 


An  arrangement  intermediate  between  tlie  trough  battery  strictly  so  called,  and 
the  battery  of  a  circle  of  cups. 


E 
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practice  its  employment  has  been  attended  with  inconveniences 
that  have  prevented  its  general  adoption ;  although  it  rendered 
valuable  service  in  the  first  researches  into  electro-magnetism. 

B. — Batteries  of  large  surface  and  with  constant  currents. 

(a).  BanielVs  hattenj  (fig.  9).  In  1836,  Daniell  contrived  a 
battery  in  which  he  succeeded  in  avoiding  rapid  weakening  of  the 

action,  or  variations 
of  the  power  during 
the  passage  of  the  cur- 
rent. It  is  a  battery 
with  porous  organic 
diaphragms,  and  ^\■ith 
two  liquids,  a  solution 
of  sulphate  of  copper 
for  the  copper,  and 
acidulated  or  saline 
water  for  the  zinc. 
It  is  highly  useful 
y  for  protracted  experi- 
ments, and  especially 
for  inquiries  into  the 
chemical  effects  of 
the  current. 

(fe).  Grove's  constant  battery  (fig.  10)  resembles  that  of  Daniell  in 
having  two  kinds  of  liquid  and  a  diaphragm  ;  but  the  copper  is 

replaced  by  platinum,  the  sulphate  of  copper 
by  nitric  acid,  and  the  porous  diaphragm 
is  of  smooth  unglazed  porcelain.  This  bat- 
tery is  the  most  useful  for  the  production 
of  the  electric  current ;  because  it  combines 
enormous  power  with  a  constancy  only  little 
less  than  that  of  Daniell. 

(c).  Bunsen's  constant  lattery  (fig.  11)  is 
a  modification  of  that  of  Grove  by  the  sub- 
stitution of  carbon  for  the  platinum.  It  is 
constant  for  a  longer  period,  but  is  less 
energetic  than  that  of  Grove.  It  is  much 
in  use,  especially  in  Germany. 

The  batteries  of  Bonijol  and  of  Delouil 
differ  from  that  of  Bunsen  only  in  the  form  and  place  given  to 
the  carbon. 

Among  all  the  foregoing  batteries,  that  of  Dmiiell  has  been 
most  generally  employed  for  medical  purposes. 


Fig.  9.— Daniell's  battery. 


Fij;.  10.— Grove's  battery. 
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The  large  batteries  with  extensive  surface,  whicli  are  at  pre- 
sent chiefly  used  in  medicine,  are  the  modified  DuuioU,  the  proto- 


Fig.  11.— Bunsen's  battery. 


sulphate  of  mercury  battery  of  Marie-Davy,  the  sulphate  of  lead 
battery  of  Marie-Davy,  and  the  battery  of  Siemens  (Kemak's). 
These  forms  will  require  more  particular  description. 

(d).  The  balloon  lattery  of  Daniell,  by  Parelle  (fig.  12).  I  used 
for  a  long  period,  for  the  application  of  continuous  currents,  one 
of  the  modified  Daniell's  batteries,  which,  of 
the  forms  then  known,  was  that  which  furnished 
the  most  enduring  and  most  steady,  current. 
Instead  of  having  the  positive  pole  within,  and 
the  negative  pole  without,  as  in  the  original 
form,  the  poles  of  this  apparatus  had  the  con- 
trary arrangement.  The  zinc  plates,  14  centi- 
metres in  heiglit,  were  amalgamated,  and  im- 
mersed in  a  sohition  of  sea-salt,  placed  between 
the  porous  cell  and  the  external  vessel.  The 
porous  cells  containing  tlie  solution  of  su]])hate 
of  copper  were  surmounted  by  gUiss  balloons 
(imrertcd  flasks)  full  of  crystals  of  sulphate  of  copper,  moistened 
with  water.  This  arrangement  gave  way  to  the  use  of  a  very 
large  porous  cell,  in  the  middle  of  which  was  a  grating  supporting 


Fig.  12.— \  DiiiilrH's  cell 
Willi  I'arello's  balloon." 


"  I,  tube  introiliicod  into  tho  balloon. 
A,  C,  lateral  npRning.s  in  tho  tube.  D,  D, 
cover  of  wood,  pierced  by  two  opcningd 
lor  tho  coiiductf)r.s.    -f  rod  of  copper 


immersed  in  the  solution  of  .sii]])hato  of 
copjier.  O,  porons  cell  containing  tho 
sol\ition.  —  conductor  flxcd  to  tho  zinc 
tliat  surrounds  the  porous  cell. 
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a  considerable  quantity  of  the  crystals,  and  sup[)lying  the  action 
of  the  battery  for  a  long  period. 

For  more  than  ten  years,  I  have  had  constantly  in  action,  in 
my  room,  twenty  or  twenty-live  Daniell's  elements  of  this  arrange- 
ment, some  to  charge  my  apparatus,  others  to  work  a  telegraph, 
bells,  and  an  electric  clock.  To  these,  when  united,  I  add  at 
pleasure  a  score  of  other  elements  of  the  same  kind,  which  I  have 
used  since  1860,  for  some  new  investigations  of  the  action  of  con- 
tinuous constant  currents ;  investigations,  the  results  of  which  will 
be  stated  in  Chapter  111. 

Well,  notwithstanding  the  gi-eatest  care,  this  pile  is  far  from 
being  constant ;  and  the  least  change  of  temperature  is  sufficient 
to  cause  considerable  changes  in  the  force  of  its  current  between 
one  day  and  the  next.  These  variations  of  temperature  increase 
or  diminish  the  concentration  of  the  saline  solutions,  whence  result 
proportionate  variations  in  the  strength  of  the  current.  To  avoid 
these  considerable  oscillations,  it  is  necessary  that  the  room  in 
which  the  pile  is  placed  should  be  constantly  maintained  at  the 
same  temperature,  by  an  appropriate  system  of  warming.  This 
precaution  is  indispensable  in  winter,  because  a  frost  will  diminish 
the  power  of  the  apparatus  by  one-fourth,  one-half,  or  even  more. 
Changes  of  temperature  also  occasion  damage  and  accidents  to  the 
pile,  which  becomes  encrusted,  and  the  porous  vases  ai'e  broken 
by  the  crystallization  that  takes  place  in  their  pores.  In  summer, 
a  Daniell's  battery  is  always  more  powerful,  because  the  saline 
solutions  are  more  concentrated  ;  but  it  is  not  the  less  exposed  to 
considerable  oscillations,  only  not  so  considerable  as  in  the  winter. 
It  is  said  that  a  Daniell's  balloon  battery  will  act  for  six  months  ; 
but,  under  the  most  favourable  circumstances,  I  have  always  cleaned 
mine  at  least  every  three  weeks.  It  requires  experience  to  know 
how  dirty  and  tedious  is  that  manipulation ;  and  it  will  be  found  ; 
necessary,  on  each  occasion,  to  replace  a  greater  or  less  number  i 
of  the  porous  cells,  and  of  the  balloons,  so  that  the  maintenance  of  ( 
the  apparatus  becomes  somewhat  costly.  i 

(e).  Marie-Davy's  hattenj  of  protosuljphate  of  mercurtj.  The  de-  I 
sideratum  that  I  have  pointed  out  appears  to  me  to  be  fulfilled,  t 
in  great  measure,  by  the  protosulphate  of  mercury  battery  of  JM.  1 
Marie-Davy  (fig.  13).''  This  battery  has  been  used  at  the  ^Ministry 
of  the  Interior,  for  the  service  of  the  electric  telegraph,  for  a  period  ^ 
of  eight  months,  requiring  no  other  care  during  that  time,  than  j; 
an  occasional  addition  of  water  to  supply  the  loss  by  evaporation,  \, 
The  current  appears  to  have  been,  in  this  application  to  telegraphy, 

'  M.  Maiic'-Davy  presented  his  battery  to  the  Academy  of  Sciences  in  1854. 
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Fig.  13. — Cell  from  Marie-Davy's 
protosulphate  of  mercury  battery.' 


US  constant  as  that  of  a  Daniell's  pile.  I  have  constructed  in 
my  rooms  a  battery  of  proto-salpliate  of  mercury,  of  forty  ele- 
ments, like  that  used  at  the  Ministiy  of  the 
Interior.  I  have  kept  it  in  action  for  com- 
parison Avitli  the  Daniell's  battery,  and  for 
the  performance  of  some  new  electro-physi- 
ological and  therapeutical  experiments  upon 
the  most  constant  currents.  During  more 
than  eight  months  it  has  been  in  action, 
preserving  nearly  all  its  original  power.  I 
have  simply  poured  into  it,  from  time  to 
time,  a  little  water  to  fill  up  the  cells.  This 
battery  has  not  appeared  to  me  to  be  so 
sensitive  to  variations  of  temperature  as 
that  of  Daniell ;  and,  during  the  winter,  it  has  not  broken  a  single 
porous  cell.  Its  elements  have  only  one-third  the  surface  of  those 
of  Daniell ;  and,  consequently,  it  occupies  much  less  space,  and 
gives  a  smaller  quantity  of  electricity.  It  possesses,  however,  a 
greater  electro-motive  power  than  the  battery  of  Daniell. 

Unquestionably,  in  some  respects,  the  battery  of  sulphate  of 
mercury  is  inferior  to  Daniell's.  Thus  it  polarises  more ;  and 
wastes  more  rapidly  under  the  influence  of  closure  of  the  current 
by  a  metallic  conductor,  especially  when  the  current  is  too  long 
closed.  My  electric  clock,  for  example,  which  closes  the  circuit 
for  one-half  of  each  second,  exhausts  in  a  few  days  (in  three  days) 
a  sulphate  of  mercury  battery,  the  porous  cell  of  which  has  been 
filled  by  the  salt ;  although  it  will  go  for  three  weeks  with  a 
Daniell's  battery,  preserving  a  sufficient  force. 

Fortunately,  however,  this  polarisation  and  rapid  exhaustion  of 
the  sulphate  of  mercury  pile,  under  the  influence  of  too  prolonged 
a  current,  are  not  observed,  or  only  in  a  slight  degree,  when  the 
intra-polar  conductor  is  organic,  or,  in  other  words,  is  a  bad  con- 
ductor. Thus  I  have  passed  a  continuous  current  from  my  pile, 
for  twenty  or  thirty  minutes,  through  the  upper  limbs,  the  hands 
being  placed  in  basins  of  water,  and  each  hand  holding  an  elec- 
trode, without  the  current  being  much  enfeebled  after  the  operation. 
For  medical  uses  the  importance  of  this  fact  is  manifest. 

One  of  the  greatest  inconveniences  attending  a  Daniell's  pile, 
especially  for  medical  purposes,  is  that  it  exhausts  and  tarnishes 
itself  in  repose  nearly  as  much  as  in  action.  Fifteen  elements  of 
my  Daniell's  pile  had  been  at  work  for  three  weeks,  for  the  ap- 


"  Z,  zinc.  C,  carbon  collector.  D,  porous  cell  containing  tlio  iirotosulphate  of 
mercury.    "V,  external  vessel. 
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paratus  in  my  rooms,  for  my  bells,  chamber  telegraph,  and  clectnV 
clock,  while  other  iifteen  elements  had  been  at  rest  for  the  same 
period.  The  latter  were  nearly  as  much  soiled  and  enfeebled  as 
the  former. 

I  shall  show  hereafter  how,  by  means  of  an  apparatus  that  I 
have  called  the  isolator  and  distributor  of  the  lattery  currents, 
I  have  been  able  to  moderate  this  rapid  exhaustion.  The  sulphate 
of  mercury  battery,  however,  wastes  but  little  during  the  intei-vals 
of  its  application,  and  may,  without  donbt,  be  kept  in  activity  a 
considerable  time,  as  much  as  six  or  eight  months,  for  certain 
purposes.  The  power  to  presei-ve  a  sulphate  of  mercury  battery 
for  so  long  a  time  without  having  to  devote  to  it  incessant  care, 
gives  it  an  incontestable  superiority  over  the  Daniell's  ;  and  the 
aggregate  of  all  these  advantages  induces  me  to  give  the  pre- 
ference to  the  sulphate  of  mercury,  for  the  application  of  con- 
tinuous currents  for  physiological  and  therapeutical  purposes. 

The  description  of  this  battery  is  not  yet  to  be  found  in  standard 
works  ;  and  I  will  therefore  describe  here  the  one  that  I  have  had 
constructed  upon  the  model  of  that  at  the  Ministry  of  the  Interior. 
Each  element  is  composed  (1)  of  an  exterior  glass  cylinder  (V,  fig. 
13)  ;  (2)  of  a  cylinder  of  zinc,  Z  ;  (3)  of  a  porous  cylindrical  cell, 
D ;  and  of  a  piece  of  carbon,  C,  placed  within  it.  The  external 
cylinder,  eight  centimetres  high  and  six  in  diameter,  is  one-third 
full  of  water,  in  which  is  immersed  the  zinc.  This  is  seven  centi- 
metres high,  and  is  formed  into  a  cylinder  four  centimetres  and  a 
half  in  diameter.  The  porous  cell,  as  high  as  the  zinc  and  three- 
and-a-half  centimetres  in  diameter,  is  a  third  full  of  paste  of 
protosulphate  of  mercury,^  in  which  is  placed  a  piece  of  carbon 
twelve  centimetres  high,  two-and-a-half  wide,  and  twelve  milli- 
metres in  thickness.  A  plate  of  copper,  riveted  and  soldered  at 
one  extremity  to  the  zinc  of  one  element,  is  placed  in  communica- 
tion with  the  carbon  of  the  next.  It  is  unnecessary  to  say  that  a 
battery  formed  of  forty  of  such  elements  is  put  together  like  all 
other  batteries  for  obtaining  physiological  effects.  The  details  arc 
given  in  elementary  treatises  on  physics.  Many  inconveniences 
have  led  me  to  doubt  the  excellence  of  this  battery.  The  plates 
of  copper  oxidize  rapidly  at  their  points  of  contact  with  the 
carbon ;  and  break  on  account  of  their  amalgamation  with 
the  mercury.  I  have  obviated  these  inconveniences  by  giving  the 
pieces  of  carbon  such  a  height  that  the  acid  mercurial  solution 


»  To  malco  the  paste,  a  sufiBcient  quan- 
tity of  water  sliould  bo  poured  upon 
enough  powdered  proto-sulplmto  of  mer- 
cury for  uU  the  elements,  and  mixed  with 


it  into  a  paste.  The  ijreparation  should 
be  nuido  at  the  time  of  setting  up  the 
pile. 
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ascends  with  dilTlciilty  to  the  point  of  contact ;  and  1  have  checked 
endosmosis  by  dipping  the  npper  end  of  each  carbon  in  melted 
wax,  which,  iu  coob'ng,  fills  the  pores  into  which  it  has  penetrated. 
For  greater  firmness,  1  have  covered  this  upper  end  with  a  coat  of 
varnish,  except  at  the  points  of  contact.  Lastly,  I  have  platinized 
the  plates  of  copper  at  their  points  of  contact. 

(/).  Marie-Bavtjs  sulphafe  of  lead  laMenj.—The  high  price  of 
protosiilphate  of  mercury  has  probably  stood  in  the  wny  of  its 
introduction  into  common  use.  This  would  doubtless  be  foreseen 
by  the  inventor;  who  has  employed  himself  in  endeavours  to 
remove  the  obstacle.  Moreover,  the  battery  leaves  us  something 
to  desire,  as  I  have  said,  with  regard  to  the  constancy  of  its 
action. 

It  has  occurred  to  this  ingenious  physicist :  (1)  to  replace  tlie 
mercurial  paste  by  a  paste  made  with  powdered  sulphate  of  lead 
and  a  satiu-ated  solution  of  marine  salt ;  (2)  to  substitute  for  the 
carbon  a  thin  plate  of  tinned  copper,  seven  centimetres  square, 
and  rolled  upon  itself ;  (3)  to  fill  the  space  between  the  porous 
cell  and  the  external  vessel  with  a  concentrated  solution  of 
marine  salt ;  (4)  to  coat  with  tin  the  plates  of  copper  that  form 
the  connections  between  the  two  parts  (zinc  and  lead)  of  the 
battery. 

Thus  formed,  the  sulphate  of  lead  battery  affords  a  current  of 
the  greatest  constancy.  In  a  damp  place  and  in  an  even  tem- 
perature it  has  been  in  action  for  more  than  a  year  in  my  room, 
requiring  no  farther  care  than  to  replenish  the  saline  solution 
from  time  to  time,  so  as  to  keep  it  always  at  nearly  the  same  level. 
It  is  much  less  costly  to  procure  or  to  maintain  than  the  battery 
with  sulphate  of  mercury ;  and  for  all  these  reasons  I  prefer  it  to 
all  otl  lers  for  the  application  of  continuous  or  interrupted  voltaic 
currents.  But,  as  its  electro-motor  force  is  less  by  one-half  than 
that  of  the  sulphate  of  mercury,  I  have  found  it  necessary  to 
increase  the  number  of  the  elements  in  order  to  meet  the  demands 
of  j)ractice.  Moreover,  its  bulk  is  such  that  it  is  only  applicable 
in  my  own  house, 

(f/).  Siemens'  lattery  (called  also  Eemak's). — Quite  recently,  a 
battery,  invented  by  a  very  distinguished  Prussian  engineer,  M. 
Siemens,  has  been  much  extolled  in  Germany.  It  is  often  called 
also  Kemak's  battery ;  from  his  having  rendered  its  use  general 
in  medical  practice. 

This  battei-y  of  Siemens'  (fig.  14)  is  no  more  than  a  modification 
of  Uaniell's,  in  which  the  inventor  has  sought  chiefly  to  increase 
resistance  by  placing  between  the  porous  cell  that  contains  the 
sulpliate  of  copper  and  the  zinc  a  paste  of  })aper  and  sawdust 
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Fig.  14.— Cell  of  Siemens 
(or  Remak'a)  battery.' 


moistened  with  water,  and  by  increasing  considerably  the  distance 
between  the  zinc  and  the  porous  coll.  This  particular  arrange- 
ment affords  the  most  constant  cxu'rent  of  any  of  the  modifications 
of  Daniell,  and  it  is  the  one  which  will  work 
for  the  longest  time,  they  say,  without  re- 
quiring to  be  touched.  Can  it  be  said  that 
it  is  not  necessary  to  renew  from  time  to  time 
the  crystals  of  sulphate  of  copper  contained 
in  the  glass  tube  ?  After  having  become  con- 
siderably weaker  during  the  first  three  or  four 
weeks,  a  Siemens'  battery  will,  indeed,  remain 
nearly  stationary  for  a  year  or  more.  If  it 
only  becomes  constant  when  it  has  lost  three- 
fourths  of  its  power,  this  is  paying  a  little 
dearly  for  the  constancy. 
This  battery,  which  is  quite  sufficiently  dear,  is  excellent  for  the 
application  in  medicine  of  continuous  constant  currents,  but  is 
defective  for  all  other  purposes. 

For  this  reason  I  still  prefer  the  employment  of  the  sulphate  of 
lead.  It  furnishes  a  current  not  less  constant,  it  will  work  for  a 
long  time,  not  requiring  to  be  cleaned,  or  to  have  the  sulphate  of 
lead  renewed,  before  the  lapse  of  about  a  year ;  it  requires  no  other 
care  than  to  pour,  from  time  to  time,  a  little  salt  water  between 
the  porous  cell  and  the  external  vessel;  its  electrolytic  action  is 
not  considerable  ;  it  is  adapted  for  the  application  of  continuous  and 
constant  currents  to  therapeutics  or  to  physiological  experiments ; 
and  it  will  at  the  same  time  work  my  domestic  telegraph  and  my 
electric  clock  ;  and,  finally,  it  is  moderate  in  price,  and  not  too 
bulky. 

[Stohrer's  Battery  with  Lifting  Apparatus. — Stbhrer,  of  Dresden,  has  cou- 
strncted  a  very  excellent  battery  for  medical  purposes.  This  battery  consists 
of  carbon  and  zinc,  without  an  earthenware  cell.  The  carbon  (fig.  15), 
liollow  within,  filled  with  sand,  and  closed  by  a  glass  stopper,  serves  for  the 
reception  of  a  concentrated  solution  of  chromic  acid  in  water.  Of  tliis 
solution,  ten  or  twelve  di'ops  will  suffice  for  a  long  time.  In  daily  and 
continued  use,  this  portion  must  be  renewed  as  often  as  the  diluted  sulphuric 
acid  in  the  glass.  The  zinc  surrounds  the  carbon;  but  is  kept  from 
contact  by  glass  insulators.  These  elements  are  placed  in  a  circular  glass 
cell,  which  serves  for  the  reception  of  diluted  sulphuric  acid.   This  cell 


'  A,  porous  diaphragm  cemented  to 
the  glass  tube  B,  fillwl  witli  a  solution  of 
sulphate  of  copper  and  with  crystals. 
C,  plate  of  copper  fi.\(!d  iii  the  porous 
diaphragm,  and  communicating  with  the 
exterior  by  the  wire  C.  Z,  a  cylinder  of 
zinc  surrounding  the  glass  tube,  and 
communicating  with  the  exterior  by  the 


copper  wire  Z'.  D,  pa>te  of  pai>pr  placed 
between  the  diaphragm  and  the  external 
vase,  and  below  the  zinc.  E,  saw-dust, 
filling  all  the  space  between  the  glass 
lube,  the  external  vase,  and  the  paper 
paste.  The  whole  of  the  battery  is 
moistened  with  water. 
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is  so  arranged  in  the  completed  apparatus,  that  it  can  be  moved  vertically  up 
and  down;  and  can  be  fixed  at  any  point.  By  this  arrangement,  the  acid  can 
be  brought  into  contact  with  the  whole,  or  with  part  ot  the  zmc  and  carbon ; 
or  by  shutting  down  the  glass,  can  be  excluded  from  them  altogether.  In 


Fig.  15.— Stuhrer's  battery.  Fig.  IG.— Muirhead's  battery. 


the  latter  case,  the  acid  will  only  fill  the  lower  third  of  the  glass.  The 
advantages  arising  fi'om  being  able  to  remove  the  elements  at  once  and 
without  difficulty  from  the  exciting  fluid,  and  from  the  equal  facility  with 
which  they  may  be  brought  into  action,  are  obvious.  If  the  battery  be  in 
daily  use,  the  zinc  would  require  to  be  re-amalgamated,  and  the  acids  renewed 
every  six  or  eight  weeks.  Twenty-four  or  more  pairs  of  the  elements  are 
arranged  upon  a  stand  to  form  a  battery  for  medical  use. 

MuirhemVs  Battery. — This  form  of  battery,  as  adapted  for  medical  purposes 
by  Mr.  Becker,  of  the  finn  of  Messrs.  Elliott  Brothers,  is  in  use  at  the  National 
Hospital  for  the  Paralysed  and  Epileptic.  It  is  a  modification  of  Darnell's 
battery,  and  has  been  largely  employed  in  this  country  for  the  electric  telegraph. 
The  tension  of  the  battery  is  low,  but  the  action  is  very  uniform.  The  ele- 
ments consist  of  a  zinc  plate  (fig.  16,  z),  unamalgamated  (3f  x  If  x  ^  inches), 
and  of  a  thin  copper  plate,  3f  x3f  inches  (fig.  16,  c).  The  copper  plate 
is  immersed  in  a  solution  of  sulphate  of  copper,  placed  in  a  ]Dorous  cell 
(fig.  16,  p) ;  the  zinc  plate  is  immersed  in  simple  water,  contained,  with  the 
porous  cell  and  its  contents,  in  a  quadi'angular  porcelain  vessel.  The  porce- 
lain vessels  are  constructed  in  couples,  each  holding  two  pairs  of  elements, 
and  five  of  these  couples  are  packed  in  a  strong  oak  box.  Tlie  arrange- 
ment of  the  battery  adopted  at  the  National  Hospital  for  the  Paralysed  and 
Epileptic,  as  least  complex,  is  that  shown  in  fig.  17,  in  which  ten  boxes,  con- 
taining 100  pairs  of  elements,  are  placed  upon  a  simple  open  stand. 

In  using  this  battery  for  medical  piirposcs,  single  pairs  of  elements  are  not 
brought  into  action.  The  pairs,  to  the  eightieth  pair,  arc  grouped  in  sets  of 
five;  and  the  remaining  twenty  are  gi'ouped  in  tens.  The  terminal  wires 
of  the  cells  thus  arranged,  are  attached  to  buttons  in  rear  of  t\vo  re- 
volving discs,  numbered  respectively  from  5  to  45,  and  from  50  to  100; 
and  by  turning  the  discs,  the  operator,  without  detaching  the  conducting 
wires  with  which  the  rheophorcs  are  connected  with  tlic  instrument,  can 
bring  into  play  the  current  from  as  many  sets  of  cells  as  he  desires. 

When  in  daily  use,  the  cells  require  to  be  recharged,  and  the  zinc  plates 
cleaned  every  two  months ;  and  now  zinc  plates  are  needed  every  eighteen 
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months.  Mr.  Becker  lias  added  to  tlio  battery,  as  a  means  of  ascertaining  its 
state  of  action,  and  as  a  guide  to  tlic  operator,  an  ingeniously  constructed 
tangent  galvanometer.  Tlio  battery,  when  freshly  charged,  and  all  connections 


cleaned,  is  in  its  most  effective  state;  but  as  the  strength  gradually 
diminishes,  it  is  essential  for  the  medical  practitioner  to  Icuow  the  degree 
of  diminution  at  any  given  time,  in  order  that  he  may  determine  the  nimiber 
of  cells  to  be  used.  The  galvanometer  coil  has  about  one  unit  resistance,  and 
in  the  foot  of  the  instrument  a  bobbin  is  inserted,  ■which  has  about  130  units' 
resistance,  and  -  which  has  no  influence  on  the  needle.  This  additional 
bobbin  is  inserted  to  make  the  resistance  of  the  galvanometer  somewhat 
equal  to  the  resistance  of  the  battery  itself.  The  terminals  are  connected 
with  a  simple  commutator,  so  that  the  current  can  be  made  to  traverse  the 
galvanometer  or  not. 
When  the  battery  is  in  perfect  action,  it  has  been  found  that — 

5  cells  give  45°  deflection. 
10  „  „  57° 
20  „  „  67° 
30  „  „  70° 
50  „  „  71° 
100   „      „  73° 

Should  five  cells  give  only  22°  deflection,  the  battery  would  ho  half  ils 
strength  (if  for  the  sake  of  illustration  we  take  the  angles  for  the  expression 
of  the  strength  instead  of  the  tangents),  and  a  higher  number  of  colls  should 
be  placed  in  action,  where  before  five  were  suflicient. 

To  show  how  additional  resistance  thrown  into  the  circuit  affects  the 
reading  of  the  galvanonietcr,  the  following  observations  were  made  by 
Mr.  Becker.    When' 100  cells  arc  used,  then— 
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10,000  B  A  units  in  circnit,  gavo  13°  deflection. 
5,000  „  „  23"  „ 

3,000  „  „  33°  „ 

'i,000  „  „  41° 

1,000  „  „  55°  „ 

500         „  „  63°  „ 

300  „  „  66°  „ 

100  „  „  70°  „ 

This  table  may  give  a  hint  to  the  operator,  in  what  degree  the  resistance  of 
more  or  less  of  t!he  human  body  influences  the  eftectivo  strength  of  the 
battery,  although  it  must  bo  borne  in  mind  that  the  human  body  has  a  very 
vai'iable  resistance. 

The  BcchcT-Muirhead  Battery  has  been  in  use  at  the  National  Hospital  foi-  the 
Paralysed  and  Epile]>tic,  and  in  my  own  private  residence  for  several  years.^ 
With  ordinary  watchfulness  of  its  state  of  action,  and  care  as  to  regularity 
in  re-charging  and  cleansing,  it  has  proved  a  very  effective  and  trustworthy 
instrument.  For  a  fixed,  large  surface,  constant-current  battery,  it  is  the 
form  best  fitted,  to  the  present,  to  meet  tlae  wants  of  the  English  i^ractitioner. 
For,  from  the  large  extent  to  which  Muirhead's  battery  is  used  for  the  electric 
telegraph  in  the  kingdom,  Uttle  difficulty  is  exijerieuced  in  making  good 
accidental  damage,  or  necessary  deteriorations,  at  a  reasonable  cost.  More- 
over, from  the  simplicity  in  detail  of  the  instrument,  it  can  be  cleaned, 
re-charged,  and  repaired  with  facility  by  a  person  of  ordinary  intelhgence. — 
H.  2'.] 

C. — Portable  hatieries  of  small  surface. 

In  order  to  diminish  certain  inconveniences  of  the  batteries  of 
large  surface,  instruments  have  been  designed  comjDosed  of  a  great 
number  of  small  elements,  which  can  be  combined  within  a  narrow 
compass;  and  which,  in  little  bulk, possess  sufficient  electro-motor 
power,  \\  itliout  our  having  to  fear  too  great  calorific  or  electrolytic 
action. 

I  proceed  to  give  a  description  of  several  forms  of  these  small 
electro-motor  instruments,  which  constitute  a  real  progress  as 
regards  their  therapeutical  application  in  certain  cases  ;  although 
they  are,  for  the  most  part,  far  from  combining  all  the  conditions 
that  are  to  be  desired.  , 

(a).  Gaiffes  portable  lattery  of  chloride  of  silver. — M.  A.  Gaiffe, 
favourably  known  by  the  ingenious  arrangements  of  his  instruments 
for  medical  electricity,  has  sent  me  a  description,  or  rather  a 
detail,  of  a  portable  batteiy  of  constant  continuous  curi-ent  that 
he  has  constructed.  It  is  the  chloride  of  silver  battery  of  MM. 
Marie-Davy,  E.  Becquerel,  and  Warren  de  la  Eue ;  who,  at  dif- 
ferent times,  have  made  communications  Avith  regard  to  it.  The 
original  idea  belongs  to  M.  Marie-Davy  ;3  and  M.  Gaiffe  has 


[In  my  own  houso  the  battery  is  i  mental  modes  of  packing,  if  such  bo  ro- 
pl,aci!(l  111  a  closet  on  tlu!  area  floor,  and  tlio  '  qui  n^d.  (i  iving  off  no  fnin(!s  or  odoiuvs 
conductmg  wires  with  discs  Iirongiit  into  i  it  may  bo  placed  in  any  room  without 
the  consu  tmg-rooni.  I  may  add,  inci-  liesitaliou,  never  bccommff  offensive  — 
dentally,  that  tliis  form  of  battery  lends    II.  T.] 

Itself  very  readily  to  ingenious  anil  orna-  |     '  See,  for  the  method  of  re-charging 
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rendered  it  applicable  to  medical  uses  by  the  improvements  that 
he  has  introduced.  The  iullowing  is  the  notice  sent  to  me  on  the 
subject : — 

The  apparatus  (fig.  18)  is  fitted  in  a  box,  the  size  of  which 
depends  upon  the  number  of  elements  that  it  contains.    The  liox 


Fig.  18. — Gaiffe's  portable  battery  of  chloride  of  silver. 


for  thirty-six  pairs,  represented  in  fig.  18,  is  20  centimetres  high, 
20  long,  and  18  wide. 

"  A  double  top  C  D  E  F,  which  forms  the  upper  part  of  the 
box  and  covers  the  battery,  serves  to  support  the  various  ap- 
pendages necessary  for  the  use  of  the  instrument.  These  are, 
A,  A',  electrodes  which  deliver  the  current,  and  from  which  the  con- 
ducting wires  proceed  ;  M,  M',  handles  by  which  to  combine,  in 
greater  or  less  number,  the  elements  of  the  battery,  and  to  direct 
the  current  in  the  course  desired ;  G,  a  galvanoscope,  serving  to 
show  the  passage  of  the  current. 

"  All  the  pairs,  being  identical  in  size  and  arrangement,  can  be 
placed  in  the  box  one  for  another ;  and  they  are  so  constructed 
that  they  can  only  be  placed  in  a  position  proper  for  their  being 
combined.  The  various  contacts  are  made  automatically  by 
putting  the  elements  in  place. 


the  cells,  the  fourth  page  of  M.  Gaiffe  s 
printed  instructions.  The  cells  are 
charged  in  the  same  manner   in  the 


instnmient  for  the  continuous  and  in 
that  for  the  induced  current. 
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This  general  arrangement  of  tlie  instrument  greatly  simplifies 
its  manipulation,  and  will  promote  the  exteucled  employment  of 
the  continuous  current. 

A  pair  of  elements  with  chloride  of  silver,  having  eight  square 
centimetres  of  working  zinc  surface,  will  correspond,  as  regards 
quantity,  to  a  new  and  well  charged  pair  of  Eemak's.  The  electro- 
motor ibrce  is  a  little  less,  about  in  the  ratio  of  5  to  6.  In  order 
to  obtain  the  equivalent  of  a  cumbrous  Eemak's  battery  of  24 
pairs,  it  is  sufficient  to  have  36  pairs  of  chloride  of  silver  with 
eiobt  centimetres  of  surface. 

"  Lastly,  the  cost  of  the  battery  does  not  exceed  thirty  centimes 
the  working  hour,  when  the  human  body  forms  part  of  the  circuit." 

I  have  now  experimented  with  this  battery  for  about  a  month, 
and  have  been  well  satisfied  with  the  results  obtained.  Its 
transport  is  as  easy  as  that  of  an  induction  instrument ;  and  its 
application  requires  none  of  the  manipulation  inevitable  in  the 
use  of  other  batteries ;  but  I  have  not  had  it  under  observation 
sufSciently  long  to  be  able  to  determine  its  actual  value,  or  to  say 
how  far  it  fulfils  the  promises  of  the  inventor  with  regard  to  its 
electro-motor  force,  and  with  regard  to  the  constancy  of  its  con- 
tinuous current. 

(h).  Small  columnar  pile  of  the  Conservatoire  des  Arts  et  Metiers. — 
There  has  long  been  made  in  England  a  small  columnar  battery 
(a  diminutive  of  Volta's  pile),  of  which  each  disk,  formed  of  two 
plates  of  copper  and  zinc  soldered  together,  has  a  diameter  of 
about  one  centimetre  and  a  half.  This  battery  is  formed  of  a 
greater  or  less  number  of  couples.  The  disks,  and  the  circles  of 
cloth  which  separate  the  couples,  all  have  a  central  perforation,  by 
which  they  are  strung  on  to  a  cotton  wick,  so  as  to  form  a  little 
column.  To  excite  the  battery,  the  whole  is  dipped  in  vinegar. 
The  circles  of  cloth  and  the  cotton  wick  remain  impregnated  with 
the  liquid  for  some  time  after  they  are  withdrawn  from  it.  The 
current  of  this  pile  is  sufficiently  steady  ;  because  the  acid  used 
(vinegar)  attacks  the  metal  plates  slightly. 

This  little  pile  occupies  only  a  small  space,  but  it  requires  to  be 
cleaned  after  every  time  of  using,  and  thus  occasions  much  loss  of 
time.  From  the  number  and  the  small  surfaces  of  its  elements,  it 
increases  the  physiological  power  of  the  battery  while  diminishing 
its  bulk  and  calorific  action.  This  was  evidently  an  improvement, 
the  utility  of  which,  unfortunately,  was  little  understood,  for  the 
apparatus  has  remained  almost  unknown;  and  the  idea  whicli 
governs  its  construction  lias  been  too  long  neglected. 

ll/ammond's  columnar  lattery.— Dr.  William  A.  Hammond,  of  New  York, 
lias  devised  a  very  ingenious  columnar  battery,  of  the  effects  of  which  lie 
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speaks  very  highly,  when  ho  has  liad  occasion  to  make  use  of  the  interrupted 
galvanic  current  in  the  treatment  of  iniuntilc  paralysis,  the  variety  he  terms 
"  organic,"  and  to  which  Duchennc  has  given  the  designation  "  fatty  atrophic 
paralysis  of  infancy"  (paraJysic  atrophviue  graisseuse  de  Verifance).  The 
following  is  Dr.  Hammond's  description  of  this  instrument : — 

"  It  consists  of  a  series  of  elements  formed  of  plates  of  perforated  zinc 
and  copper,  as  shown  in  fig.  19.  These  plates  are  soldered  together,  the 
copper  being  bent  over  at  the  sides,  the  zinc  laid  upon  it,  and  the  two 
securely  fastened.  A  thin  piece  of  wood  is  then  placed  between  the  plates, 
to  prevent  their  being  pressed  together.  The  elements  rest  upon  a  plate  of 
hard  rubber,  and  are  kept  in  place  by  four  hard  rubber  rods.  Two  otlier 
plates  of  hard  rubber,  having  each  a  large  hole  in  the  centre,  and  four  holes 
for  the  rods,  rest  on  the  top.  These  are  kept  in  i^lace  by  pins  which  ])ass 
through  holes  in  the  rods.  The  whole  is  hung  to  an  iron  or  brass  supixjrt 
as  shown  in  the  figure,  and  a  saucer  underneath  catches  the  vinegar  used  to 
set  the  instrument  in  action. 

"To  arrange  the  apparatus,  an  element  with  a  copper  wire  soldered  1o 
the  copper  plate,  is  placed  upon  the  lower  piece  of  hard  rubber;  upon  the 
element,  a  piece  of  flannel,  and  so  on.  The  elements  are  so  placed  that 
the  copper  is  always  below.  The  last  element  has  a  piece  of  copper  vm-G 
soldered  to  the  zinc  plate.  Insulated  wires  are  used  to  connect  the  poles 
with  the  electrodes. 

"  To  set  the  apparatus  in  action,  strong  vinegar  is  poured  upon  the  top. 
It  passes  tlii'ough  the  elements,  and  moistens  the  flannel.    If  the  plates 


Fig.  19.— TTnmmond's  columnftrb.itiory. 
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we  not  perforated,  the  flannel  would  only  bo  moistened  at  the  edges,  and 
thus  a  great  lo.ss  of  ]iower  would  bo  the  result;  i       »4    .  rrv.^ 

"  Copper  gauze  may  be  used  instead  of  perforated  copper  plates.  The 
Quarterly  Journal  of  Psychological  Medicine  and  Medical  Jui-isprudence, 
vol.  i.  pp.  62, 63.)-//.  2'.] 

(c).  Galvanic  chains  of  Golberger  and  of  Pulvermaclier.-O'L  late 
years  the  little  voltaic  instruments  known  as  galvanic  chains  liave 
been  introduced.  They  rest  on  the  same  principles  as  the  fore- 
gomg ;  that  is,  they  are  formed  of  a  great  number  of  elements 
having  but  small  surface. 

The  first  chains  of  Golberger,  which  possessed  no  kind  of  pro- 
perty, because  the  elements  that  comj)Osed  them  were  not  disposed 
in  the  manner  necessary  to  establish  a  galvanic  current,  soon  gave 
origin  to  the  galvanic  chains  of  Pulvermacher  (figs.  20  and  21). 


a. 


Fig.  20. — Pulvcnuacher's  galvanic  chain.       Fig.  21. — Another  form  of  Pulverraacher's  galvanic  chain. 

These  are  admirably  combined  to  produce,  in  small  bulk,  galvanic 
cui-rents  of  great  physiological  power,  with  but  moderate  calorific 
action.  They  are  arranged  in  the  following  manner.  Each  couple 
is  formed  of  a  zinc  wire,  rolled  in  a  close  spiral,  but  with  its  coils 
not  in  contact,  around  a  cylinder  of  wood  one-and-a-half  or  two 
centimetres  in  length  and  five  or  six  millimetres  in  diameter. 
Tiiese  couples  are  united  together  by  little  rings  of  copper,  the 
copper  wire  communicating  with  the  zinc,  and  vice  versa,  forming 
chains  varying  in  length  according  to  the  intensity  that  is  desired. 
In  this  way  may  be  formed  batteries  of  300  or  400  elements. 
Ti\e  chains,  having  been  steeped  in  vinegar,  yield  currents,  and 
preserve  this  property  for  many  hours;  although  they  become 
much  weakened  in  a  very  short  time.  Pulvermacher's  chain,  which 


'  These  batteries  are  manufactured  by  Messrs.  Cliester,  of  New  York. 
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is  thus  a  happy  modification  of  the  voltaic  pile,  has  been  piin- 
cipally  intended  to  he  employed  as  a  topical  application ;  and  the 
electro-cutaneous  excitation  that  it  produces  has  been  found  useful 
in  the  treatment  of  obstinate  rheumatoid  or  neuralgic  pains.  But 
the  continued  interruptions  due  to  its  mobility  and  its  rapid 
polarisation  render  it  an  apparatus  ill  suited  for  muscular  electri- 
zation, and  especially  for  the  application  of  continuous  currents. 

pi'ulYermacher  has  recently  effected  a  considerable  improvement  in  the 
construction  of  his  chain  battery.  He  has  discarded  the  cyhnder  of  wood,  and 
substituted  for  the  wire  thin  zinc  and  copper  plate.  The  dimensions  of  the 
elements  of  the  different  sized  chains  remain  the  same,  but  each  segment 
is  formed  of  a  cylinder  of  copper  plate,  perforated  with  longitudinal  open- 
ings ;  and  within  the  copper  cylinder  is  a  cylinder  of  zinc  without  perfora- 
tions. The  zinc  is  separated  from  immediate  contact  with  the  copper  by 
a  few  stout  threads.  An  unbroken  link,  which  forms  part  of  the  copper 
cylinder,  serves  as  the  means  for  joining  the  several  segments.  This  construc- 
tion permits  the  withdrawal  and  renewal  of  the  zinc  cylinder  when  neces- 
sary.—//. T.] 

(d).  Ribbon  battery  of  Duchenne. — To  avoid  the  inconvenience  of 
mobility  of  the  elements,  I  constructed  a  small  voltaic  apparatus, 
resting  also  on  the  principle  of  the  multiplication  of  elements 
with  diminution  of  their  surfaces.  It  was  formed  of  little  cubes,  a 
centimetre  and  a  half  in  height,  each  composed  of  a  band  of  zinc 
and  a  band  of  copper,  folded  repeatedly  upon  themselves,  and 
separated  by  a  small  diaphragm  of  linen,  or,  better  still,  of  gold- 
beater's shin.  These  little  cubes,  connected  by  soldering,  and  so 
adapted  that  the  bands  of  copper  communicate  with  the  bands  of 
of  zinc,  were  fixed  in  a  wooden  frame  (fig.  22). 


Fig.  22. — The  Ribbon  battery  of  Duchenne. 


One  hundred  and  fifty  of  these  little  elements  were  arranged 
in  a  frame,  having  a  surface  of  sixteen  centimetres  by  twelve.  I 
called  the  apparatus  the  ribbon  battery.  In  order  to  put  it  in 
action,  it  was  placed  for  a  few  minutes  in  a  vessel  of  vinegar.  A 
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rlieotonie  (instrument  for  causing  intermissions)  moving  by  clock- 
work, and  connected  witli  one  of  the  i^oles,  allowed  me  to  obtain,  at 
pleasure,  intermissions  of  greater  or  less  rapidity. 

It  is  not  necessary  to  describe  the  advantages  of  this  ribbon 
battery,  in  which  the  elements  are  fixed  and  soldered  to  one 
another;  advantages  that  I  have  not  found  in  Pulvermacher's 
chains. 

The  latter  form  of  battery  is  only  fit  to  be  used  for  topical 
applications;  the  former  is  more  trustworthy,  and  more  con- 
venient, when  it  is  wished  to  produce  localized  galvanization. 
Lastly,  the  ribbon  battery  is  more  powerful  than  a  Pulver- 
macher's chain,  and  is  not,  like  it,  exposed  to  a  very  rapid  de- 
terioration. 

(e).  Small  tension  lattery  of  Alph.  Mathieio.  —  I  prefer  to  my 
ribbon  battery  the  small  electro-motor  apparatus  represented  in 
fig.  23.    Conceived  in  the  same  spirit,  it  differs  from,  the  ribbon 


Fig.  23.— Electro-motor  Instrument  of  Alpli.  Matliicu. 


battery  in  its  more  simple  and  more  skilful  construction,  and  in 
being  easier  of  management,  rather  than  in  any  difference  of  its 
elements.  By  means  of  an  ingenious  mechanism,  forming  part 
of  the  apparatus,  a  continuous  current  may  be  used,  or  one  with 
Hitermissions  either  very  rapid  or  more  or  less  slow,  tlirough  a  fly- 
wheel which  continues  to  revolve  for  from  ten  to  fifteen  minutes 
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when  once  an  impulse  has  been  given  to  it.''  Tlie  following  is  a 
description. 

This  battery,  of  small  dimensions,  is  contained  in  a  handsome 
box,  divided  into  an  upper  and  a  lower  part.  The  lower  part 
receives  the  liquid  required  to  charge  the  battery.  In  the 
upper  part,  a  tablet  of  open  work  receives  the  extremities  of  400 
cylindrical  elements.  These  elements  are  contained  one  within 
another  in  pairs,  one  of  brass  in  one  of  zinc,  and  are  separated  by 
a  slight  porous  tube,  i-enderiug  each  paii-  equivalent  to  a  galvanic 
couple.  The  liquid  surrounds  them  on  all  sides,  within  and  with- 
out, and  descends  along  the  sides  when  the  battery  is  in  action. 

Between  the  lid,  which  is  closed  by  a  glass,  and  the  space  oc- 
cupied by  the  battery,  is  placed  the  mechanism  for  intermissions. 
On  the  right  are  the  knobs  that  govern  this  mechanism.  The 
movement  is  furnished  by  a  fly-wheel,  started  by  a  rack  C. 
The  rapid  intermissions  are  produced  by  the  vibrations  of  a  spring, 
struck  by  the  fly-wheel.  The  slow  intermissions  are  produced  by 
means  of  two  toothed  wheels,  also  guided  by  the  fly-wheel,  and 
acting  by  means  of  pegs  upon  a  lever  arranged  for  the  purpose. 
Each  wheel  produces  a  diiferent  intermission ;  and  one  or  other  of 
them  is  put  in  action  by  the  play  of  a  slide,  worked  by  drawing 
out  the  stop  A. 

On  the  left  are  the  binding  screws,  N  P,  for  fixing  the  con- 
ductors. For  the  continuous  current,  the  knob  D  must  be  turned 
until  it  is  stopped.  The  knob  B,  which  may  be  turned  more 
or  less  up  to  its  point  of  arrest,  serves  to  graduate,  with  perfect 
regularity,  the  electro-motor  force  of  the  current. 

The  exciting  liquid  having  been  poured  into  the  lower  compart- 
ment, the  elements  are  immersed  by  pressing  upon  the  knob  E. 
After  a  few  minutes,  they  may  be  raised  to  their  former  position. 

The  pile  is  charged  with  common  vinegar,  or  with  pyroligneous 
acid,  pure  or  diluted,  or  with  glacial  acetic  acid,  in  the  proportion 
of  about  ten  grammes  to  the  half  litre  of  water,  or  even  with  salt 
and  water. 

If  it  be  desired  to  carry  the  apparatus  about,  the  liquid  must  be 
emptied  out ;  and,  this  done,  the  battery  will  continue  in  action  for 
a  whole  day,  without  a  sensible  diminution  of  force. 

[Fovemix's  portable  battery.  —  M.  Foveaux,  of  the  firm  of  Jlessrs.  Wei.ss 
and  Co.,  has  recently  designed  and  constructed  a  portable  battery,  -which 
surpasses  all  others  with  which  I  am  acquainted  for  efficiency  of  action,  com- 
pactness consistent  with  efficiency,  and  freedom  from  the  annoyances  which 
too  often  attach  to  batteries  of  which  smalhiess  of  bulk  is  an  im]>ortant 
condition.    This  battery  is  formed  of  fifty  pairs  of  Smee's  elements,  jmckod 


»  This  instrument  is  made  by  tl>e  inventor,  M.  A.  Alpli.  Miitliicu,  nicclianicinn. 
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into  a  handsome  maliogauy  box,  which  measm-es  in  length  14  inches,  in 
breadth  74  inches,  and  in  height  lOi  inches  (fig.  24).   The  cells  containing 


Fig.  24. — Foveaux's  portable  battery 

the  exciting  fluid  (diluted  sulphuric  acid),  and  which  are  constructed  ot 
■vulcanite,  are  attached  to  an  ingeniously  devised  lifting  arrangement.  When 
the  lid  of  the  box  is  closed,  and  the  battery  is  out  of  use,  the  cells  and  the 
contained  exciting  fluid  are  depressed  beneath  the  elements,  and  the  latter  are 
no  longer  immersed.  "When  the  lid  of  the  battery  is  raised,  to  place  the 
instrument  in  use,  the  cells  are  elevated  and  the  elements  immersed  in 
proportion  to  the  extent  to  which  the  lid  is  thrown  back.  By  this  ai'range- 
ment  the  zinc  is  withdrawn  from  the  destructive  action  of  the  acid  when  the 
apparatus  is  not  in  use,  and  the  waste  of  the  element  may  be  obviated  to  the 
gi-eatest  extent.  I  have  used  this  battery  chiefly,  as  yet,  in  cases  in  which 
the  interrupted  galvanic  current  has  been  required  for  diagnostic  or  thera- 
peutical purposes.  A  battery  with  the  elements  similarly  arranged,  but 
somewhat  differently  packed  (an  earlier  arrangement  of  M.  Foveaux's),  was 
largely  used  for  six  weeks  at  the  National  Hospital  for  the  Pai-alysed  and 
Epileptic,  and  at  the  end  of  that  time  was  still  effective.  As  a  portable 
battery,  and  for  diagnostic  purposes,  Foveaux's  battery  leaves  little  or 
nothing  to  be  desired.  It  is  exquisitely  constructed,  and  fully  supplies  a  long 
felt  need.—//.  T.} 

It  has  been  said  already  that  the  caloriiic  and  electrolytic 
action  is  diminished  in  the  forms  of  apparatus  just  described 
(the  columnar  battery,  Pulvermacher's  chain,  Ducheune's  ribbon 
battery,  Mathieu's  battery),  but  it  is  not  so  much  diminished  that 
it  cannot  be  used  in  case  of  need.  In  fact,  all  these  instruments 
may  be  made  entirely  to  disorganise  the  shin,  causinp;  it  to  pass 
tlirongh  every  stage  of  burning,  when  their  action  is  limited  to 
this  organ.    They  may  consequently  replace,  in  a  certain  degree, 
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the  moxa  and  transcnrrent  oautei-isation."  They  are  even  prefer- 
able to  those  means,  since  they  may  be  made  to  produce  an  action 
more  or  less  gradual,  according  to  particular  indications,  while  the 
pain  ceases  immediately  after  the  formation  of  the  eschar.  Those 
who  have  prescribed  the  therapeutic  application  of  the  batteries 
of  small  surface  have  too  often  forgotten  the  dangers  or  the  incon- 
veniences of  their  calorific  or  electrolytic  action. 

These  instruments,  having  the  power  to  produce  energetic 
muscular  contraction,  appear,  at  first  sight,  likely  to  be  very 
useful  in  the  treatment  of  paralysis.  Unfortunately,  they  rapidly 
become  enfeebled ;  almost  immediately,  indeed,  after  being  set  in 
action.  To  illustrate  this,  it  will  be  sufficient  to  relate  a  single 
experiment  with  a  Pulvermacher's  chain.  I  directed  an  inter- 
mittent current  upon  the  biceps  of  the  arm,  the  apparatus  being 
at  its  maximum.  The  contraction  of  the  muscle  was  such,  at  the 
first  intermittence,  that  the  fore-arm  was  strongly  flexed  upon 
the  arm,  and  the  patient  experienced  an  acute  sensation.  But  the 
second  contraction  was  a  little  less  strong  than  the  first,  and  each 
successive  contraction  became  weaker,  until,  after  about  twenty 
intermissions,  the  muscle  scarcely  contracted  at  all.  I  repeated 
this  experiment  frequently  on  different  muscles,  and  found  that  the 
weakening  was  more  rapid  the  more  frequent  the  intennissions. 
The  continuous  current,  again,  exhausts  the  apparatus  more  quickly 
than  the  intermittent.  These  little  instruments  are  powerful,  there- 
fore,— on  the  condition  that  they  are  not  set  in  action !  The  weaken- 
ing, however,  is  only  temporary ;  and,  if  the  current  be  out  of  use 
for  a  quarter  of  an  hour,  the  apparatus  will  recover  its  original  force. 

The  temporary  weakening  of  these  small  voltaic  piles,  even 
under  the  influence  of  intermittent  currents,  joined  to  their 
continual  and  progressive  exhaustion,  renders  it  very  diflicult  to 
measure  or  calculate  their  action.  On  account  of  the  sources  of 
weakening  to  which  their  physiological  action  is  exposed,  these 
batteries  of  small  surface  are,  it  may  be  conceived,  inapplicable  to 
the  localization  of  electric  excitation  in  individual  muscles  or 
nerves,  and  especially  for  the  electro-physiological  and  patho- 
lo"-ical  researches  which  require  extreme  precision.  How,  in- 
deed, can  we  measure  a  force  that  is  subject  to  such  variations  ? 
How  can  we  graduate  the  dose  to  the  excitability  of  the  organs, 
so  different  in  different  states  of  health  or  of  disease  ?  ' 

"  If  it  ho  dcsiicd  to  prndncc  deep  and  |  pile  of  M.  Grcuet  [or  tlicbnttcry  s]>eoially 
rapid  cauterization,  as  by  a  moxa.  it  is  ,  constnietefl  for  the  jiurpose  by  i^tiihrer, 
ncees-sary  to  use  a  battery  of  large  mxr-  of  Dresden.— 7f.  7'.] 
faec,  like  that  contrived  by  M.  Kegnindt,  ■  M.  Eemak,  critioising:  my  stAtemenls 
find  already  described  at  pagelG;  or,  on  the  action  of  tlie  gal vanic  current.  Iia-s 
atill  better,  the  i)o\Yerfiil  and  iiigoiiious   written   ia<ilraw,thr,„pic.    Pans,  l^t>(^ 
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T]ie  considerable  and  rapid  polarization  produced  in  the  small 
galvanic  batteries  by  the  continuous  currents,  prevents  them  from 
being  used  for  the  physiological  or  therapeutical  study  of  such 
currents. 

Among  the  galvanic  batteries  of  large  surface  that  I  have 
described  above,  those  only  of  which  the  current  is  most  constant, 
and  of  which  the  electro-motor  force  is  the  greatest,  are  applicable 
to  localized  muscular  galvanization. 

II. — Operative  Procedures  for  Localized  Galvanization. 

The  precepts  that  it  is  necessary  to  observe,  in  order  to  practise 
localized  muscular  galvanization  by  intermittent  currents,  are 
absolutely  the  same  with  those  about  to  be  stated  for  the  practice 
of  localized  muscular  faradization. 

§  III. — Localized  electrization  ly  induced  electricity,  or  localized 
muscular  faradization. 

Of  the  three  kinds  of  electricity,  induced  electricity  is  the  most 
fitted  for  muscular  electrization,  especially  when  that  operation 
requires  to  be  practised  frequently,  and  for  a  long  time.  To  be 
convinced  of  this,  it  is  only  necessary  to  recall  what  has  been  said 
in  the  first  chapter,  on  the  special  therapeutical  and  physiological 
effects  of  each  kind.  Thus  faradization  excites  the  most  powerful 
muscular  contractions,  without  at  the  same  time  acutely  exciting 
the  cutaneous  sensibility,  without  producing  shock,  without  throw- 
ing the  organs  into  a  kind  of  stupor,  without  rupturing  capillary 
vessels;  in  a  word,  without  occasioning,  like  static  electricity, 
any  accidents  from  which  the  patients  might  recover  with  diffi- 
culty. We  know,  again,  that  galvanism  and  faradism  possess, 
in  a  nearly  equal  degree,  the  power  to  penetrate  more  or  less 
deeply  beneath  the  skin ;  or,  in  other  words,  to  concentrate  their 
action  on  muscles  or  nerves,  without  alfectiug  the  skin ;  but  that 
the  chemical  and  physiological  properties  of  faradism  are  infinitely 
little  developed  as  compared  with  those  of  galvanism,  and  are  too 
weak  to  be  appreciable  during  muscular  faradization.  We  know, 
lastly,  that  faradization  produces  only  a  faint  phosphene ;  and  that 
its  action  upon  the  retina  does  not  complicate  in  a  distressing 
manner,  like  that  of  galvanism,  the  electrization  of  the  muscles  of 


p.  46): — "M.  Duchennc  appears  to  bo 
ignorant  of  the  difference  whicli  exists 
between  a  constant  and  an  inconstant 
eliain;  altiiough  lie  lives  in  Paris,  near 
M.  Becqiiorcl,  tiiu  celebrated  inventor  of 
constant  chains."    Is  this  good  faith? 


or  has  ho  not  understood  the  question 
at  issue,  which  refers  only  to  small  vol- 
taic liattories  ?  I  am  not  aware  that  M. 
Becqnercrs  constant  chains  liavo  beeu 
useil  for  medical  purposes. 
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the  face.  We  have,  therefore,  good  reason  to  say  that  faradic 
electricity,  which  in  no  way  alters  the  tissues,  is  essentially 
medical  electricity. 

It  is  when  we  wish  to  limit  exactly  the  power  of  electricity  upon 
certain  muscles  or  fasciculi,  or  upon  individual  nerves,  that  we 
understand  the  value  of  faradism,  and  the  need  of  employing  those 
induction  instruments  which  unite  all  the  properties  that  I  have 
been  describing. 

I. — Tlie  historic  question. 

Before  proceeding  to  explain  the  method  of  localized  faradiza- 
tion, of  which,  whatever  may  be  said  by  M.  Becquerel,  I  deem 
myself  to  be  unquestionably  the  inventor,  it  is  necessary  to  glance 
at  the  historic  question. 

From  the  time  when  the  pile  of  Yolta  was  first  applied  to  electro- 
physiological experiment,  all  the  world  has  seen  that  rheophores, 
placed  upon  the  moist  skin,  over  masses  of  muscle,  called  those 
masses  into  contraction  at  the  moment  of  completing  or  of 
breaking  the  circuit.  No  refinement  of  observation  was  needed  in 
order  to  establish  this  fact,  which,  moreover,  was  mentioned  in  the 
accounts  given  of  physiological  experiments  made  with  voltaic 
currents,  prior  to  the  discovery  of  induced  electricity. 

Still  later,  when  induced  currents  were  for  the  first  time  applied 
to  electro-physiological  research,  it  would  have  been  necessary  to 
be  blind  in  order  not  to  observe  that  the  rheophores,  when  placed 
upon  moist  skin,  produced  contraction  of  the  muscles  beneath,  as 
had  long  been  known  to  be  the  case  with  intermittent  galvanic 
currents. 

At  the  time  when  I  commenced  my  experimental  researches 
upon  localized  electrization,  every  one  used  moist  rheophores  in 
order  to  provoke,  by  their  application  to  the  surface  of  the  skin, 
muscular  contractions  by  means  of  any  kind  of  battery  or  any 
apparatus  of  induction. 

It  was  certainly  not  with  such  insufficient  ideas,  and  by  such 
coarse  methods,  that  I  have  been  able  to  establish  the  method 
that  I  have  called  localized  electrization,  and  more  especially 
localized  faradization.  This  method  was  only  really  created  on 
the  day  when  I  discovered  the  means  of  confining  to  the  surface 
of  the  skin  the  action  of  even  the  most  intense  induced  currents ; 
and  when  I  had  shown,  by  experiments  upon  mankind  in  a  normal 
state,  as  well  as  in  certain  pathological  conditions,  that  it  was 
possible  to  make  induced  currents  penetrate  the  skin  without 
exciting  it,  and  to  concentrate  their  action  upon  the  organs 
beneath.    It  had  not  really  deserved  the  name  of  localized  elec- 
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trizatiou  until  it  had  been  rendered  clear  by  special  anatomical 
and  electro-physiological  knowledge.  Then,  with  the  help  of 
iudnction  instruments  and  of  appropriate  rheophores,  it  became 
possible  for  me  to  lay  down  the  rules  by  which  electric  excitation 
may  be  limited  to  different  depths,  to  each  muscle,  or  group  of 
nmscles,  to  each  nerve,  and  to  a  great  number  of  internal  organs. 

I  am  indebted  to  the  use  of  localized  faradization,  by  the  methods 
which  I  am  about  to  explain,  for  the  discovery  of  the  individual 
actions  of  many  of  the  muscles.'^  This  method,  applied  to  certain 
pathological  and  therapeutical  investigations,  has  given  very 
beautiful  results  that  have  been  tested  and  confirmed  by  a  large 
number  of  observations.^ 

II. — Choice  of  an  induction  instrument. 

The  choice  of  a  good  apparatus  is  of  such  importance,  in  the 
practice  of  localized  faradization,  that  I  shall  devote  a  whole 
chapter  (Chap.  IV.)  to  the  question.  The  considerations  that  I 
shall  have  to  set  forth  cannot  be  well  understood  until  I  have 
given  the  anatomical  and  physiological  data  upon  which  localized 
faradization  rests. 

For  the  present  I  am  content  to  say  that,  without  the  proper 
instruments,  localized  faradization  could  scarcely  have  been  realized, 
and  that,  without  their  aid,  I  could  not  have  opened  the  way  for 
researches  in  electro-physiology,  pathology,  and  therapeutics,  the 
importance  of  which  is  now  well  established. 


*  See  Duchenne,  Reclierclies  ^lectro- 
pliijsiologiques  sur  le  m^chanisme  de  la 
physionomie  humaine,  1862 ;  Physiologie 
des  movements  d^monMe  a  I'aide  de 
Vexpefrimeniation  e'leciriqice  et  de  I'ohser- 
vation  clinique,  1866. 

"  Until  now,  I  have  been  unwilling  to 
enter  upon  tlie  historical  question  that  I 
have  thus  briefly  set  forth;  because  I 
wish  to  avoid  the  appearance  of  glorifying 
niy  own  work.  It  appeared  moie  suitable 
to  leave  the  matter  to  those  who  were 
disinterested  with  regard  to  it.  I  find  it 
necessary,  however,  to  be  more  guarded, 
since  the  invention  of  my  method  of 
localized  electrization  has  lately  been 
claimed  by  a  physicist  of  merit,  Masson, 
Professor  at  the  Ecolo  Polytechniquo. 
This  i)liilosoplier  has  acquired  some  fame 
in  the  history  of  induced  electricity;  but 
attention  has  chiefly  been  drawu'to  his 
name  by  the  incessant  claims  of  priority 
tliat  he  has  addressed  to  the  Academy  of 
Sciences,  with  regard  to  the  discovery  of 
electricity  by  induction.    Althougii  hi.s 


works  are  certainly  in  no  way  to  be 
compared  to  those  of  the  illustrious 
Faraday,  although  the  Academy  has 
proved  that  liis  j)retensions  are  un- 
founded, his  claims  have  this  much  of 
reason,  that  he  believes  himself  to  have 
been  the  first  to  observe  the  phenomena 
of  iudnction.  But  how  shall  I  charac- 
terise his  new  pretensions,  since,  notwith- 
standing his  ignorance  of  anatomy  and 
physiology,  he  claims  priority  of  in- 
vention for  a  method  of  electrization 
that  could  only  be  created  by  the  aid 
of  special  anatomical  and  physiological 
research,  and  which  is  not  applicable 
without  the  exact  knowledge,  and  the 
observation  of  the  rules,  which  I  have 
deduced  from  my  experiments  ?  Another 
pliysieist,  M.  Becquerel,  has  also  sup- 
ported the  pretensions  of  Masson  before 
the  Academy  of  Sciences.  He  was 
equally  incompetent  with  him,  as  regards 
questions  of  anatomy  and  electro-physio- 
logy.   This  must  be  his  excuse. 


72 


LOCALIZED  ELECTRIZATION. 


III. — Choice  of  rheo^hores. 

Muscular  faradization  is  practised,  either  by  concentrating  the 
electric  excitation  in  a  nervous  plexus,  trunk,  or  filament,  whicii 
shall  conduct  it  to  the  muscles  dependent  upon  it,  or  by  directing 
the  excitation  upon  individual  muscles  or  fasciculi.  In  tliese 
different  operations,  the  rheophores  should  always  be  brought  as 
near  as  possible  to  each  other. 

The  first  mode  of  faradization  produces  general  movements; 
that  is,  the  contraction  of  many  muscles  or  of  all  parts  of  a  single 
muscle;  and  is  called  indirect  muscular  faradization.  The  second 
gives  more  partial  movements,  from  the  excitation  of  one  muscle, 
part  of  a  muscle,  or  a  fasciculus;  and  is  called  direct  muscular 
faradization. 

Each  of  these  modes  of  faradization  requires  a  special  proceeding 
that  I  will  describe. 

It  is  known  that,  on  placing  upon  the  skin  the  moist  rheophores 
of  an  induction  apparatus,  the  electricity  concentrates  its  power  in 
the  organs  placed  immediately  beneath  the  skin.  Consequently, 
to  excite  muscular  contraction,  it  is  necessary  to  set  the  rheophores 
on  points  corresponding  to  the  surface  of  the  muscle  or  of  its  nerve ; 
the  rheophores  being  placed  in  communication  with  the  intra- 
polar  extremities  of  an  induction  apparatus  by  metallic  conductors. 

For  the  muscles  of  the  trunk,  which  have  a  large  surface,  I  apply 
moist  sponges  contained  in  cylinders  (fig.  25),  or  metallic  disks 

(fig.  26)  covered  with  wet  leather.  These 
are  furnished  v/ith  insulating  handles,  as 
in  fig.  25. 

To  limit  the  electric  action  in  muscles 
that  present  only  a  small  sm-face,  as  those 
of  the  face,  or  the  interossei,  I  employ 
conical  metallic  rheophores  (figs.  27  and 
28)  which  screw  into  separate  handles. 
The  conical  rheophores  are  covered  by 
leather  soaked  in  water,^  and  are  pressed 
by  their  extremities  to  points  over  the 
muscles  to  be  faradized.  They  also  serve 
me  to  guide  the  electric  action  upon 
nerves,  when  I  practise  indirect  muscular 
faradization. 

The  moist  leather  which  covere  tlie 


Fig.  26. 


Fig.  25. 

Fig.  25.— Metallic  rheophore  willi 
Insulating  handle. 

Fig.2c.-Mctaiiic  rheophore  with  jj^etalHc  rhcophores  opposes  much  less  re- 


diec. 


I  habitually  use  the  liugcrs  of  leather  gloves,  turnal  iusiclc  out. 
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sistance  tlian  wet  sponge  to  the  faraclic  current.  The  diliference 
is  due  to  the  different  thickness  of  the -two  bad  conductors  that 
have  to  be  traversed  by 


a  current  directed  upon 
the  snrface  of  the  body. 
Therefore,  in  certain  cir- , 
cumstances,  I  prefer  the 

metallic  rheopbores  of  large  surface  (fig.  26), 
also  covered  with  wet  leather,  to  tlie  moist 
sponges ;  because  the  former  practically  increase 
the  power  of  the  current.  The  large  metallic 
rheopbores  have  also  the  advantage  that  they 
may  be  more  or  less  pressed  upon  the  skin, 
without  annoying  the  patient,  as  in  the  case 
of  the  sponges,  by  water  being  freely  squeezed 
out  from  them. 


IV. — Indirect  muscular  faradization. 


as 


Fig.  28. 


Fig.  27. 

Fig.  27. — Olivary  metallic 


Indirect  muscular  faradization  requires 
may  be  supposed,  an  exact  knowledge  of  the 
positions  and  the  anatomical  relations  of  the 
nerves.  It  is  most  practicable  in  the  limbs, 
where  most  of  the  nervous  trunks,  subcutaneous 
at  some  point  of  their  length,  are  accessible  ''^'il^T-conicai  metaiii, 

to  rheopbores.  rheophore. 

In  the  upper  limbs,  electrical  action  can  be  precisely  limited  to 
the  median  nerve,  at  the  inner  side  of  the  lower  third  of  the  arm,  and 
to  the  ulnar,  at  its  passage  along  the  channel  which  separates  the 
inner  cordyle  from  the  olecranon.  Faradization  of  the  radial  may 
be  practised  at  the  outer  side  of  the  humerus,  at  the  junction  of  its 
middle  and  lower  thirds,  where  the  nerve  escapes  from  the  humeral 
channel.  It  would  be  impossible  not  to  stimulate  directly,  at  the 
same  time,  some  fibres  of  the  triceps  and  brachialis  muscles.  The 
musculo-cutaneous  nerve  may  be  faradized  in  the  axilla.  It  is 
also  possible  to  localize  the  electric  action  in  some  terminal 
branches ;  for  example,  in  those  that  supply  the  muscles  of  the 
thenar  eminence,  and  in  the  collateral  nerves. 

In  the  lower  limbs  indirect  muscular  faradization  is  still  more 
simple.  The  crural  nerve  is  found  in  the  fold  of  the  groin, 
external  to  the  femoral  artery ;  and  the  popliteal  nerves  in  the 
popliteal  space.  It  should  be  known  that  electricity  will  not  reach 
the  internal  popliteal  nerve,  which  is  protected  by  a  great  thick- 
ness of  cellular  tissue,  unless  the  current  be  somewhat  powerful. 
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The  sciatic  nerve  is  only  accessible  at  its  origin  in  the  pelvis, 
through  the  posterior  wall  of  the  rectum.  The  process  for  apply- 
ing faradization  to  it  will  be  explained  hereafter. 

In  other  regions,  the  practice  of  indirect  muscular  faradization 
becomes  more  difficult  and  more  delicate.  On  the  face,  the  trunk 
of  the  portio  dura,  concealed  in  the  thickness  of  the  parotid,  is 
inaccessible  to  electro-excitation,  whatever  be  the  strength  of  the 
current.  It  can  be  reached  at  its  issue  from  the  stylo-mastoid 
foramen,  by  introducing  a  conical  rheophore,  covered  with  wet 
leather,  into  the  external  auditory  meatus,  and  resting  it  on  the 
lower  cartilage ;  at  this  point  the  trunk  of  the  nerve  will  be 
distant  from  the  rheophore  only  three  or  four  millimetres.  Its 
branches  may  be  faradized  at  their  points  of  emergence  from  the 
parotid ;  and  the  contraction  of  the  muscles  supplied  by  them  is  a 
certain  index  that  they  are  excited. 

In  the  supra-clavicular  region  the  rheophore,  placed  immediately 
above  the  clavicle,  acts  upon  the  brachial  plexus ;  at  the  summit 
of  the  supra-clavicular  triangle  it  is  in  relation  with  the  external 
branch  of  the  spinal,  at  a  finger's,  breadth  above  the  clavicle,  and 
over  the  clavicular  attachment  of  the  trapezius  the  rheophore  acts 
upon  the  nerve  which  supplies  the  serratus  magnus  and  deltoid  ; 
at  the  same  distance  above  the  clavicle,  but  towards  the  inferior 
attachment  of  the  sterno-cleido-mastoid,  are  the  nerves  which 
supply  the  pectoral,  the  flexors  of  the  forearm  upon  the  arm,  and 
all  the  muscles  of  the  anterior  region  of  the  forearm  which  receive 
the  excitation.^  Lastly,  over  the  scalenus  anticus,  the  electric 
excitation  is  brought  to  bear  upon  the  phrenic.  I  shall  explain 
the  method  which  should  be  employed  for  the  faradization  of  this 
nerve,  when  I  speak  of  the  electro  physiological  and  pathological 
study  of  the  diaphragm.  The  great  hypoglossal  is  almost  sub- 
cutaneous at  the  level  of  the  great  cornu  of  the  os  hyoides,  where 
it  passes  between  the  stylo-hyoid  and  the  hyo-glossus.  At  this 
point  the  rheophores  should  be  placed,  when  it  is  desired  to  fara- 
dize  this  nerve.  I  shall  speak  hereafter  of  the  faradization  of  the 
glosso-pharyngeal,  of  the  pneumo-gastric,  and  of  the  recmTent. 

V. — Direct  muscular  faradization. 

Direct  muscular  faradization  consists,  as  I  have  already  stated, 
in  causing  each  muscle,  or  fasciculus  of  muscle,  to  contract  indi- 

'  I  am  certain  that,  in  the  different  times,  and  alwaj's,  on  i)lacing  the  rheo- 
points  above  stated,  we  find,  in  tlio  '  phorcs  on  these  points,  I  Iiave  seen  con- 
midst  of  the  brachial  plexus,  the  norvons  ,  traction  produced  in  muscles  which 
fibres  which  go  to  Ibrm  eaeli  of  the  receive  spinal  influence,  from  each  of  the 
nerves  which  arise  from  it;  for  I  have  j  nerves, 
repeated  the  experiments  thousands  of 
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viclually,  or  rather,  iu  directly  exciting  the  muscnhiv  tissue,  by 
placing  moist  rheophores  on  points  of  skin  corresponding  to  its 
surface. 

It  is  right  to  administer  to  a  muscle  only  the  dose  of  electricity 
proportionate  to  its  degree  of  excitability,  which  is  variable  Avith 
each.  It  is  therefore  necessary  that  the  operator  should  always 
have  one  hand  at  liberty,  ready  to  control,  during  faradization,  the 
graduator  of  the  apparatus.  The  same  hand  serves  also  to  act  on 
the  intermissions  of  the  current  (in  a  manner  to  be  explained 
hereafter).  This  part  of  the  operation  should  never  be  entrusted 
to  a  stranger,  because  the  physician  should  relax  or  press  the 
movement  of  the  rheotome,  according  to  particular  indications, 
wliich  present  themselves  at  any  moment,  even  during  the  fara- 
dization of  a  single  muscle.  One  hand  only,  the  opposite  to  that 
which  controls  the  graduation  of  the  intermittences,  should  hold 
and  manoeuvre  the  rheophores.  The  handle  of  one  should  be 
placed  between  the  thumb  and  the  index,  that  of  the  other 
between  the  middle  and  ring  fingers,  the  fingers  being  placed  so 
as  to  keep  the  handles  in  the  palm  of  the  hand.  This  method 
permits  faradization  to  be  practised  with  great  rapidity.  Figs. 
29  and  30  are  intended  to  show  the  manner  of  holding  the 
rheophores. 

In  fig.  29,  the  cylindrical  rheophores,  fitted  with  moist  sponges, 
or  the  disks  covered  with  wet  leather,  are  held  in  the  left  hand ; 


Pig.  29.— Method  of  holding  the  cylindrical  or  disk  rheophores  in  a  single  hand. 


while  the  right  regulates  the  intermittence,  by  manipulation  of  the 
screw  C. 
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Fig.  30  represents  the  conical  rljeophores,  covered  with  moist 
leather,  held  in  the  left  hand,  and  placed  upon  the  triangular 
muscle  of  the  lips. 

It  is  always  necessary  to  place  the  rheophores  over  the  flesliy 
bodies  of  the  muscles,  and  never  over  their  tendons;  because 
(as  it  is  hardly  requisite  to  state),  the  stimulation  of  the  lattei- 
does  not  produce  muscular  contraction. 


Fig.  30. — Method  of  holding  the  conical  rheophores.      Fig.  31.— Mode  of  holding  rheophores  according 

to  Mr.  Itadclitfe. 


In  order  to  faradize  a  muscle  completely,  it  is  necessary  that 
the  moist  rlieoijliores  should  cover  the  ivhole  of  its  surface ;  and, 
when  they  are  not  large  enough  to  do  this,  they  should  he  applied  in 
succession  to  all  points  of  the  surface.  The  tliielcer  the  suhstance  of 
the  muscle,  the  more  intense  should  he  the  current;  hecause  a  urak 
current  ivill  only  produce  excitation  of  the  superficial  layers. 

I  proceed  to  develope  this  capital  proposition,  and  to  demon- 
strate its  truth. 

(^dy — When  the  moist  rheophores  are  placed  on  the  upper  part  of 
a  long  muscle,  we  see,  under  the  influence  of  an  induced  cm-rent 
of  medium  force,  this  part  of  the  muscle  swell,  and  we  feel  it 
harden ;  while,  if  the  same  rheophores  are  placed  over  the  lower 
part  of  the  muscle,  the  lower  part  swells  and  hardens  in  its  turn. . 
llheophores  applied  to  one  point  of  a  broad  muscle  cause  contrac- 
tion only  of  the  fibres  with  which  they  are  in  relation  ;  the  neigh-- 
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bouring  fibres  remaining  relaxetl  It  follows  that  the  excitation 
of  the  muscle  only  occurs  at  the  points  which  arc  brought  into 
connection  with  the  rhcophores. 

(h).  My  researches  have  shown  me  that,  under  the  influence  of 
an  apparatus  of  strong  tension,  the  electricity  penetrates  deeply 
into  the  tissues.  The  following  observations  support  this  pro- 
position. In  lead-palsy,  as  I  shall  have  occasion  to  show,  certain 
muscles  of  the  posterior  region  of  the  forearm  become  atrophied, 
and  do  not  contract  under  the  influence  of  faradization.  If  the 
tension  of  the  current  be  moderate,  we  do  not  see  any  movement 
of  the  limb  when  the  rheophores  are  placed  over  the  paralysed 
muscles ;  if  the  tension  of  the  current  be  very  great,  we  see  that 
the  muscles  situated  beneath  those  paralysed  are  thrown  into  con- 
traction. In  the  former  case,  the  electric  excitation  has  been 
limited  to  the  paralysed  muscles ;  in  the  latter,  it  has  penetrated 
these  muscles  to  act  on  those  covered  by  them.  In  very  fat  or 
cedematous  persons  electricity  does  not  reach  the  muscles  at  all, 
unless  by  the  aid  of  a  current  of  strong  tension.  It  follows,  from 
these  facts  that,  in  the  practice  of  direct  muscular  faradization,  the 
tension  of  the  current  should  be  proportioned  to  the  thickness 
both  of  the  muscle  to  be  excited  and  of  the  tissues  to  be  traversed. 

It  is  well  understood  that  in  all  these  experiments  care  must  be 
taken  not  to  excite  the  muscular  nerves ;  either  by  placing  the  rheo- 
phores at  a  distance  from  their  emergence  or  their  immersion  ;  or, 
where  the  nerves  cannot  be  avoided,  by  operating  with  a  current  of 
moderate  tension.  In  fact,  since  the  moist  rheophores  are  only 
placed  in  relation  with  the  surfaces  of  the  muscles,  and  since 
the  muscular  nerves  enter  at  the  deep  surfaces  of  all  superficial 
muscles,  it  is  certain  that  the  contractions  produced  by  a  moderate 
current  are  not  excited  through  the  meclmm  of  nerve  agency. 

(c).  When  the  moist  rheophores  are  applied  to  points  corre- 
sponding to  the  surface  of  a  muscle,  the  excitation  produced  by  the 
electric  recompositions  acts  simultaneously  upon  all  the  anatomical 
elements  (muscular  fibres,  motor,  sensitive,  and  ganglionic  nervous 
filaments,  arteries  and  veins)  which  enter  into  the  composition  of 
tlie  portion  of  muscle  excited ;  while,  if  the  contraction  be  pro- 
duced indirectly,  that  is  to  say,  by  placing  the  rheophores  over 
the  motor-nerve  trunk,  at  a  distance  from  the  muscle  to  be 
excited,  only  the  muscular  fibres  are  influenced.  Consequently, 
the  direct  faradization  of  a  muscle  is  not  complete,  even  when  its 
contraction  en  masse  has  been  produced  by  the  excitation  of  its 
nerve,  if  the  rheophores  have  not  been  moved  over  all  the  points 
corresponding  to  tlie  surface  of  the  muscle. 

Need  I  add  that,  in  the  living  subject,  when  the  muscles  are 
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excited  by  the  process  of  direct  faradization,  it  is  impossible  to  act 
singly  upon  each  of  the  anatomical  elements,  since  all  these  ele- 
ments inevitably  receive,  at  the  same  time,  the  direct  excitation 
of  the  current  ?  Such  a  remark  would  be  little  less  than  a  gra- 
tuitous insult  to  the  intelligence  of  my  readers.  No  one  can  be 
ignorant  that,  during  life,  these  elements  cannot  be  separated  as 
in  an  anatomical  preparation. 

I  have  long  advocated  tlirect  muscular  faradization  in  the 
treatment  of  affections  in  which  the  muscular  properties  are  in- 
jured ;  and  principally  in  atrophy  and  atrophic  paralysis. 

This  doctrine  rests  upon  a  long  experience,  and  proceeds  from 
numerous  facts  related  in  the  many  memoirs  that  were  reproduced 
in  the  previous  edition.  The  doctrine,  without  doubt,  has  not 
been  laid  down  explicitly  enough  in  my  writings ;  for  certain 
authors  have  attacked  direct  muscular  faradization  with,  violence. 
According  to  M.  Kemak,  and  according  to  other  authoi-s  (his  fol- 
lowers) I  should  only  act  upon  the  muscle,  in  this  mode  of  elec- 
trization, through  the  medium  of  its  proper  nerve,  and  when 
placing  my  rheophores  over  its  point  of  immersion.  In  order 
thus  to  travestie  the  method  of  direct  muscular  faradization,  my 
opponents  could  not  have  read  that  I  have  advised,  as  stated  above, 
the  movement  of  the  moist  rheophores  over  all  the  points  corresponding 
to  the  cutaneous  surface  of  the  muscles.  That  by  this  process  the 
muscular  nerve  will  sometimes  be  influenced,  if  the  current  is 
strong  enough,  is  incontestable;  but,  in  order  for  muscular  fara- 
dization to  be  complete,  it  is  nevertheless  necessary  to  carry  the 
excitation  over  all  the  muscular  sui-face.  It  is  true  that  M.  Eemak 
denies  the  existence  of  muscular  irritability  and  sensibiHty.*  Con- 
sequently, according  to  him,  what  could  be  the  utility  of  direct 
excitation  of  muscle  ? 

Even  admitting — what  I  dispute — that  the^e  properties  could  be 
as  much  excited  through  the  intermediation  of  the  nerves  as  when 
the  rheophores  are  placed  over  the  muscular  tissue,  would  it  be  a 
matter  of  indifference,  therapeutically,  that  the  electric  excitation 
should  be  applied  directly  to  the  tissue  of  the  muscles,  the  capil- 
laries, and  the  vaso-motor  nerves  which  accompany  them  ?  M. 
Eemak  and  his  pupils  are  too  good  physiologists  to  maintain 
such  a  position.    A  little  reflection  should,  therefore,  make  them 


'  For  M.  Eemnk  to  make  me  say  tliat  trlsiring  gelxlmler  Musheln.  Berlin, 
in  direct  electrization,  the  muscular  fibre  1856).  My  reply  to  this  strange  criti- 
contracts  solely  by  reason  of  its  irrita-  cism  was  published  in  a  well-known  and 
bility  (llallerian  irritabilily)  is  to  attri-  highly  esteemed  journal,  Jahrhiichcr  fiir 
bute  to  ine  an  enormity  "that  I  have  |  (jcsammie  Mediziu,  Mux  IS'it},  and  in  La 
not  committed.    {Ueher  methodische  elcc-  ^  Revue  mcdimle,  1856. 
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mulevstand  the  tlievapeutical  importauce  of  direct  muscular  fara- 
dization. 

Nothing  can  be  more  easy  than  this  direct  faradization, 
especially  in  the  superficial  regions  of  the  trunk  and  limbs,  to 
those  who  possess  any  knowledge  of  surface  anatomy.  For  the 
deeper  layers  of  the  muscles  of  tlie  limbs  the  process  is  more 
difficult;  although  most  of  these  muscles  offer  some  point  of 
their  tissue  that  is  sub-cutaneous,  and  accessible  to  direct  excita- 
tion. 

I  could  show,  by  a  synoptical  table,  the  points  on  which  the 
rheophores  should  be  placed,  in  order  to  practise  direct  and  partial 
faradization  of  the  muscles.  But  such  a  work  would  be  beyond 
the  limits  I  have  imposed  upon  myself;  and  would  be  of  little 
,  value  to  those  who  have  not  forgotten  their  anatomy.  The  prac- 
titioner who  desires  to  perfect  himself  in  the  art  of  localized 
faradization  should,  however,  study  myology  from  a  special  point 
of  view ;  and  should  seek  to  learn  exactly  the  points  at  which 
the  superficial  and  the  deeper  muscles  come  into  relation  with  the 
surface.  With  regard  to  those  inaccessible  to  direct  faradization, 
the  number  of  which  is  not  great,  we  have  always  the  power  to 
excite  them  indirectly,  that  is  to  say,  through  the  medium  of  their 
motor  nerves. 

VI. — Excitahilitij  of  nerves  and  muscles. 

The  faradization  of  a  mixed  nerve  or  of  a  muscle  always  pro- 
duces, in  the  normal  state,  contraction  and  sensation.  It  is  verv 
important  for  those  who  study  the  art  of  localized  faradization,  in 
its  applications  either  to  physiology,  pathology,  or  therapeutics, 
to  be  acquainted  with  the  degree  of  excitability  of  the  nerve  or 
muscle  upon  which  the  electric  stimulant  is  directed.  If  all 
organs  possessed  the  same  degree  of  excitability,  the  practice  of 
this  method  of  faradization  would  be  very  easy.  It  would  be 
sufficient  to  know  the  thickness  of  tissue  to  be  traversed,  and  its 
resistance  to  the  current,  the  proper  state  of  dryness  or  humidity 
of  the  skin,  and  the  best  form  of  rheophores  for  obtaining  deep  or 
superficial  action ;  to  know  superficial  muscular  anatomy,  and  the 
points  of  immersion  or  emergence  of  the  motor  nerves,  so  as  to 
be  acquainted  with  the  parts  on  which  the  rheophores  should  be 
placed,  either  for  the  direct  or  indirect  excitation  of  each  muscle. 
Unfortunately  the  matter  is  not  so  easy ;  since  each  organ,  each 
muscle,  each  nerve  possesses  its  own  degree  of  excitability,  of  con- 
tractility, or  of  electric  sensibility. 

It  would  be  unsuitable  to  enter  at  great  length  into  details  on 
this  point  of  the  subject ;  but  it  is  as  necessary  to  mention  certain 
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phenomena,  ignorance  of  which  miglit  lead  to  many  eri-ors,  and 
sometimes  even  to  serious  accidents. 

A. — ExcitahiUiy  of  the  motricihj  of  nerves,  and  the  contractility 

of  muscles. 

The  motricity  of  the  external  branch  of  the  spinal  nerve  {re- 
spiratory nerve  of  Bell)  is  the  most  excitable.  Ilenee  the  muscles 
or  parts  of  muscles  that  it  supplies  will  be  thrown  into  action 
by  a  very  feeble  electric  current.  For  example,  the  lower  half  of 
the  sterno-cleido-mastoid,  and  the  middle  and  inferior  portions 
of  the  trapezius,  are  but  little  excitable.  But,  if  we  direct  upon 
the  superior  half  of  the  sterno-mastoid,  or  upon  the  external  border 
of  the  upper  half  (the  clavicular  portion)  of  the  trapezius,  a  curi-ent 
that  is  too  weak  to  produce  even  the  commencement  of  contraction 
in  the  other  parts  of  the  same  muscles,  we  see  the  head  bent,  or 
the  shoulder  elevated,  or  the  side  excited,  by  a  brusque  and  violent 
movement.  If  the  rheophore  is  placed  over  the  apex  of  the  sujDra- 
clavicular  triangle,  the  same  movements  are  energetically  produced 
by  the  simultaneous  contraction  of  the  superior  parts  of  the 
trapezius  and  of  the  sterno-mastoid.^  It  seems  to  me  to  follow, 
from  this  experiment,  that  the  extreme  excitability,  which  exists 
only  in  limited  portions  of  these  muscles,  is  due  to  the  presence  of 
the  external  branch  of  the  spinal  nerve. 

I  proceed  to  show  the  dangers  to  which  the  patient  is  exposed 
during  faradization,  if  the  operator  is  not  acquainted  with  the 
important  fact  just  stated.  At  the  beginning  of  my  researches  I 
could  not  find  in  writers  any  warnings  to  put  me  on  my  guard 
ao'ainst  the  too  numerous  accidents  that  I  have  had  to  regret. 
The  following,  among  others,  occurred  during  faradization  of  the 
trapezius  in  a  case  of  paralysis  of  the  upper  extremity.  I  had 
directed  a  tolerably  strong  current  upon  the  upper  half  of  the 
trapezius  ;  and  then,  passing  suddenly  to  the  external  border  of 
that  muscle,  I  placed  a  rheophore  upon  the  apex  of  the  supra- 
clavicular triangle  in  such  a  manner  as  to  touch,  at  the  same  time, 
a  portion  of  the  upper  half  of  the  sterno-mastoid.  The  head 
executed  a  movement  of  rotation  and  inclination  so  forcible  that 
the  patient  felt  something  crack,  and  had  acute  pain  in  the  neck. 
He  also  experienced  stunning,  and  tingling  in  the  extremities ; 
and  required  to  be  bled  immediately.  If  the  apparatus  had  been 
graduated  to  its  maximum,  would  there  not  have  been  an  accident 

■*  The  pnwer  that  a  nerve  possesses,  I  nerve  is  distributed  to  the  upper  half 
when  iirtifioiiilly  stiniidatcd,  to  excite  j  of  tiie  sterno-cleido-mastoid,  and  to  tlio 
niiiscnlar  contraction.  ]  ^m^n-  half  of  the  trapezius,  especially  ;it 

^  The  oxtornal  hnmch  of  the  spinal    its  external  mirtrin. 
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of  extreme  gravity?  This  fact  led  nie  to  tlie  discovery  of  the 
great  excitability  of  the  respiratory  nerve  of  Bell,  which  I  believe 
to  be  the  most  excitable  of  all  the  nerves ;  but  this  discovery,  as 
we  have  seen,  cost  m.e  somewhat  dear." 


"  Ecmak  has  criticised  the  experiment 
which  shows  the  great  excitability  of  tho 
respiratory  nerve  of  Bell,  by  making, 
and  commenting  upon,  the  experiments 
following.  He  has  placed  a  moist 
rheophore  over  the  occipital  extremity  of 
the  trapezius,  and  another  over  the  spine 
of  the  scapula,  according  to  the  direction 
of  the  muscidar  fibres,  and  then  passed  a 
moderate  induced  current,  from  which  he 
obtained  only  slight  contractions.  In 
another  experiment,  he  left  one  of  the 
rheophores  in  its  former  position  (either 
that  at  the  occiput  or  that  at  the  scapula), 
and  placed  the  other  over  the  border 
of  the  trapezius,  at  the  point  of  entry  of 
the  accessory  nerve  of  "Willis.  The  same 
cm-rent  then  produced  elevation  of  the 
shoulder  and  inclination  of  the  head. 
He  has  made  analogous  experiments 
upon  the  biceps  of  the  arm,  and  has 
obtained  similar  results,  that  is  to  say,  a 
contraction  of  the  muscle  en  masse,  from 
excitation  of  its  motor  nerve,  and  very 
weak  contractions  when  the  rheophores 
were  placed  over  the  extremities  of  the 
muscle.  The  only  rational  conclusion  to 
be  drawn  from  these  exj)eriments  is  that 
excitation  of  a  motor  nerve  produces 
contraction  of  all  the  fibres  to  which  it 
is  distributed  (and  hence  a  considerable 
movement) ;  while  faradization  of  the 
parts  of  a  muscle  remote  from  the  points 
of  immersion  or  emergence  of  a  motor 
nerve,  produces  contraction  only  of  those 
fibres  that  are  in  relation  with  the  rheo- 
phores, and  of  these  only  the  more  super- 
ficial if  the  tension  of  the  current  be 
slight;  whence  a  feeble  and  limited 
movement.  By  acting  alternately  upon 
bare  muscle,  and  upon  its  nerve,  it  may 
be  seen  that  this  conclusion  is  perfectly 
correct.  It  is,  therefore,  not  surprising 
that  direct  faradization  should  produce 
less  movement  than  indirect;  since  a 
much  smaller  number  of  muscular  fibres 
are  thrown  into  contraction  by  the 
former.  Moreover,  in  these  experiments 
of  M.  Eemak,  the  rheophores  were  placed 
at  tlie  extremities  of  the  muscle  (at  the 
occipital  extremity  of  the  trapezius  and 
on  the  spine  of  the  scapula,  and  in  the 
same  way  for  the  biceps),  that  is  to  say, 
over  structures  in  great  pari  aponeurolir,  nr 
tendinous,  so  that  the  contractions  would 
necessarily  be  feeble,  because  only  a  few 
muscular  fibres  would  bo  in  relation  with 
the  rheophores.   If  M.  Eemak  had  placed 


his  rheophore  entirely  upon  muscular 
fibre,— for  instance,  a  little  above  the 
middle  portion  of  the  border  of  the  tra- 
pezius,—I  am  sui'e  that  he  would  have 
produced  a  marked  contraction  of  the 
clavicular  portion  of  the  muscle,  which 
he  evidently  could  not  obtain  whilst  the 
rheophores  were  placed  over  the  apone- 
lu'otic  extremities. 

It  is  plain  that  it  would  be  difficult 
to  deduce  any  strict  conclusion  from 
experiments  so  badly  performed.  We 
shall  see,  however,  from  his  manner  of 
interpreting  them,  how  ardent  is  the 
imagination  of  M.  Eemak.  In  the  fii'st 
place,  he  fails  to  see  that  the  diflerence 
in  the  movements  obtained  in  the 
several  experiments  depends  upon  the 
fact  that,  in  the  one  case,  the  excitation 
of  the  muscular  nerve  causes  the  con- 
traction of  all  the  fibres  to  which  it  is 
distributed;  while  in  the  other,  only  a 
small  number  of  fibres,  namely  those  in 
the  neighbom'hood  of  the  aponeurosis, 
are  situated  beneath  the  rheophores,  and 
thus  called  into  contraction.  Every  one 
else  would  conclude  from  this  that  the 
tendinous  or  aponeui'otio  fibres,  in  their 
normal  state,  are  not  irritable ;  but  M. 
Eemak,  taking  the  aponeurotic  for  mus- 
cular fibres,  di'aws  from  his  experiments 
the  fdllowing  deduction  against  the 
Hallerian  contractility.  "  That  which 
strikes  us  the  most,"  he  says,  "  is  that 
these  experiments,  besides  theu-  practical 
significance"  (this  jDractical  significance 
being,  according  to  M.  Eemak,  that  the 
electric  current  should  be  exclusively 
directed  upon  the  motor  nerve  at  its 
point  of  immersion  or  emergence— a 
retrograde  precept  as  I  have  shown) 
''  contribute  essentially  to  the  solution  of 
the  question,  respectable  by  its  antiquity, 
of  the  so-called  irritability."  The  solu- 
tion of  which  M.  Eemak  wishes  to  speak, 
is  the  reversal  of  the  doctrine.  A  little 
above,  in  fact,  introducing  irrelevantly  the 
question  of  the  doctrine  of  irritability,  he 
has  said,  "  It  is  scarcely  necessary  for  me 
to  point  out  how  little  these  physiological 
experiments  justify  the  pretended  doctrine 
of  Hallerian  irritability." 

If  M.  Uemak  has  only  such  arguments 
as  these  in  opposition  to  the  Hallerian 
irritability,  that  doctrine  has  nothing  to 
fear  from  his  attacks.  The  micrographic 
physiologist  should  know,  better  than 
any  one,  that  such  a  question  can  only 
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B. — Excitability  of  the  Sensibility  of  Muscles. 

It  is  of  much  less  importance  to  the  operator,  especially  in  the 
application  of  faradization  to  therapeutics,  to  know  the  degree  of 
excitability  of  the  motricity  of  the  nerves,  or  of  the  electric  con- 
tractility of  the  muscles,  than  to  know  what  is  the  degree  of 
sensibility  developed  by  the  faradization  of  these  nerves  or  of  these 
muscles.  It  is,  indeed,  the  exaggerated  sensibility  of  certain 
regions,  or  of  certain  subjects,  that  sometimes  renders  muscular 
faradization  impracticable.  When  I  set  forth,  in  the  sequel,  the 
results  of  faradization  applied  to  the  treatment  of  certain  kinds  of 
paralysis,  it  will  be  seen  how  the  exaltation  of  the  electro-muscular 
sensibility  can  render  localized  faradization  dangerous.  It  is, 
therefore,  upon  a  knowledge  of  the  degree  of  excitability  of  the 
electro-muscular  sensibility  that  the  art  of  localized  muscidar 
i'aradization,  as  applied  to  treatment,  chiefly  rests.  Although  the 
individual  differences  are  greater  in  this  respect  than  for  the  electro- 
muscular  contractility,  I  am  convinced  that  it  is  possible  to  find  an 
average  that  will  serve  as  a  general  rule,  just  as  there  exists 
an  average  or  ordinary  dose  of  any  medicine. 

Without  entering  into  the  details  of  my  researches  on  this 
interesting  subject,  I  purpose  to  set  forth,  with  regard  to  the 
excitability  of  the  sensibility  of  each  of  the  muscles,  certain 
general  facts  which  may  be  guides  to  the  operator  in  direct 
muscular  faradization. 

The  electric  sensibility  is  very  acute  and  easily  excited  in  the 
muscles  of  the  face.  This  is  due  to  the  fifth  pair  of  nerves,  from 
which  these  muscles  receive  filaments.  In  faradization  of  the 
facial  muscles  it  is  necessary  to  avoid  placing  the  rheophores  over 
points  corresponding  to  the  infra-orbital  or  mental  nerves.  Ex- 
citation of  these  nerves  produces  very  acute  pain,  which  extends 


be  studied  experimentally  by  placing 
under  the  microscope  a  muscular  fibre, 
separated  from  aU  anatomical  elements  of 
nerve,  and  by  then  subjecting  it  to  some 
stimulus— such,  for  example,  as  that  of  a 
galvanic  or  an  induced  cm'rent.  But 
this  is  precisely  what  was  done  by  M. 
Lebert,  in  1842,  with  the  muscular  fibre 
of  insects,  and  afterwards  of  rabbits,  and 
of  dogs :  it  is  what  has  been  since  done 
hundreds  of  times  by  a  great  number  of 
observers ;  and  it  is  done  every  day  by 
M.  Robin,  and  is  shown  in  his  excellent 
lectures.  If  M.  Remak,  by  chance, 
refuses  to  see  what  has  been  socu  by 
everybody  else,  I  still  ask  if  he  be  un- 


acquainted with  the  researches  of  MM. 
01.  Bernard  and  Kiilliker  upon  the  action 
of  woorara,  which  destroys  immediately 
the  excitability  of  the  nerves  and  of  the 
spinal  cord,  but  leaves  intact  tlie  irritability 
of  the  muscular  fibre.  This  jiarticulav 
action  of  the  Indian  jioison  would  suflio*', 
w'itliout  the  foregoing  experinieuts,  ti' 
establish  the  truth  of  the  Ilallcrian  doc- 
trine. Let  us  add  to  such  facts  tlio^r 
which  arc  furnished  by  the  rescarclu- 
of  M.  Lou  get,  and  by  daily  pathological 
observation,  and  we  obtain  an  aggrogatr 
of  proofs  suflicient  to  carry  conviction 
even  to  the  most  obstinate  minds. 
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to  a  distance,— to  the  incisor  teeth,  and  sometimes  to  tlie  base  of 
the  orbit. 

Excitation  of  the  frontal  nerves,  given  off  by  the  ophthalmic 
nerve  of  Willis,  produces  pains  which  radiate  over  the  head ;  and 
it  is  for  this  reason  that  direct  faradization  of  the  frontal  muscle, 
which  is  crossed  by  these  nerves,  is  very  painful.  The  orbicular 
muscles  of  the  eyelids,  the  depressor  alte  nasi,  the  levator  labii 
superioris  alseque  nasi,  the  quadratus  menti,  the  levator  menti,  the 
orbicularis  oris,  and  the  triangularis  menti,  are  the  most  excitable. 
The  order  in  which  they  have  been  enumerated  indicates  the 
degree  of  their  sensibility.  Next  come  the  zygomaticus  major  and 
minor,  the  masseter,  and  the  buccinator,  vphich  is  comparatively 
little  excitable.  I  rarely  faradize  the  levator  anguli  oris,  for  fear 
of  acting  upon  the  infra-orbital  nerve. 

In  the  neck  the  platysma  is  as  excitable  as  the  superior  half  of 
the  sternomastoid,  and  as  the  external  border  of  the  superior  half 
of  the  trapezius.''  The  other  muscles  of  the  neck  are  much  less 
excitable. 

The  pectoralis  major,  and  the  muscles  of  the  infra-spinous  fossa, 
are  moderately  sensitive  to  electric  excitation ;  the  deltoid,  and 
the  muscles  of  the  arm,  a  little  less  so.  The  muscles  of  the 
anterior  region  of  the  forearm  are  much  more  sensitive  than  those 
of  the  posterior  region. 

The  longissimus  dorsi,  and  the  sacrolumbal  muscles,  have  very 
little  sensibility. 

The  muscles  of  the  buttocks,  and  the  tensor  vaginae  femoris,"  are 
very  sensitive  to  electric  excitation ;  as  compared  with  the  muscles 
of  the  external  and  posterior  regions  of  the  thigh.  Those  of  the 
internal  crural  region  are  more  sensitive  than  those  of  the  external 
crural  region. 

The  muscles  of  the  posterior  region  of  the  leg  have  very  little 
sensibility,  when  compared  with  those  of  the  interior  and  external 
region. 

It  is  possible  to  express  in  numbers  the  degree  of  excitability 
of  each  muscle  and  nerve;  and  such  investigations  will  be  the 
subject  of  a  special  work.  I  am  so  familiarised  with  the  practice 
of  localized  faradization  that  I  am  able,  with  the  help  of  my  new 
apparatus,  to  administer  to  each  muscle  or  nerve  the  dose  of 
electricity  required  for  the  production  of  an  enei-getic  muscular 
contraction,  and  that  without  causing  much  pain.    It  requires 


'  The  extreme  sensitiveness  of  the 
platy.sma  leads  me  to  suppose  tliat  it  is 
supplied  by  the  external  branch  of  the 
spinal  nerve. 


'  Of  the  muscles  of  the  lower  limbs, 
the  tensor  vafi;info  fi^noris  ia  the  most 
sensitive  to  electric  excitation. 
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long  study  of  faradization  to  attain  to  this  degree  of  certainty ; 
which  fortunately  does  not  seem  to  be  absolutely  necessary  for 
the  application  of  the  method  to  therapeutics. 

It  IS  perfectly  certain,  as  I  have  shown,  that  a  rheophore  suffi- 
ciently moist,  and  in  perfect  contact  with  the  skin,  produces  no 
sensations  but  such  as  are  purely  muscular ;  unless  it  chance  to 
be  j)laced  over  the  track  of  a  cutaneous  nerve.  But  it  must 
not  be  foi'gotten  that,  at  the  moment  of  application  to  the  skin, 
and  before  the  perfect  contact  is  established,  a  cutaneous  blends 
■with  the  muscular  sensation.  It  follows  that  muscular  faradization, 
especially  with  rapid  intermissions,  is  much  more  painful  at  the 
moment  when  the  rheophore  is  placed  in  contact  with  the  skin. 
It  is  necessary  to  proceed  as  follows,  in  order  to  avoid  exciting  the 
mixed  and  very  painful  sensation.  Before  placing  the  rheophores 
upon  the  skin,  they  should  be  brought  into  contact  with  each 
other,  so  as  to  neutralize  the  current.  When  they  are  properly 
placed  upon  the  skin,  and  lightly  pressed  down,  they  may  be 
carefully  separated  a  little,  so  that  the  electric  recomposition  may 
take  place  in  the  muscle  that  is  to  be  excited.  I  adopt  also 
another  and  equally  simple  method,  which  consists  in  not  allowing 
the  current  to  pass  until  the  rheophores  are  placed  in  position 
over  the  muscle. 

C. — Tlie  joints  of  selection  in  the  practice  of  localized  muscular 

faradization. 

The  general  precepts  set  forth  in  this  paragraph  are  perfectly 
clear.  The  chief  of  them  may  be  summed  up  in  the  following 
manner.  When  the  electric  excitation  is  localized  in  a  nervous 
trunk,  or  in  the  muscular  nerves  proceeding  from  it,  we  have 
indirect  muscular  faradization ;  but  when  the  excitation  is  applied 
to  the  muscular  tissue,  we  have  direct  muscular  faradization. 

(a).  But,  if  the  precept  is  clear,  the  execution  is  not  always  easy ; 
especially  when  it  is  desired  to  produce  contraction  of  individual 
muscules  or  fasciculi  for  some  electro-physiological  purpose. 

The  nervous  trunks  of  the  limbs  are,  for  the  most  part,  easily 
accessible  to  rheophores,  since  they  nearly  all  present  some  point 
of  their  continuity  immediately  beneath  the  skin.    It  is  not  the 
same  with  the  nerves  of  the  muscles.    Some  of  them,  indeed,  may 
be  assailed  at  points  remote  from  the  muscles  to  which  they  are 
distributed  (as,  for  example,  the  phrenic  nerve,  in  front  of  the  ■ 
scalenus  anticus;  the  nerve  of  the  serratus  magnus,  above  the 
clavicle),  and  near  their  points  of  emergence.    With  regard  to  • 
other  muscular  nerves  (those  of  the  limbs),  we  can  neither  reach  i 
their  points  of  emergence  or  of  immersion  without  acting  upon  a  i 
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part  of  the  nniscular  tissue  behind  the  deep  surface  of  which  they 
are  concealed.  This,  however,  does  not  prevent  the  current  from 
penetrating  to  them,  when  such  an  action  is  required. 

An  exact  knowledge  of  the  points  of  emergence  and  immersion 
of  the  muscular  nerves  is  absolutely  necessary  in  order  to  study 
the  proper  action  or  the  state  of  the  properties  of  muscles,  or 
of  those  fasciculi  which,  physiologically  considered,  are  often 
distinct  muscles  themselves.  At  the  beginning  of  my  researches, 
I  found  it  a  matter  of  the  greatest  difficulty  to  limit  exactly  the 
action  of  the  current  to  each  muscular  bundle,  because  I  did 
not  possess  the  knowledge.  It  was  necessary  to  commence  new 
anatomical  studies,  in  order  to  determine,  as  exactly  as  possible 
(because  in  this  respect  there  are  certain  individual  differences), 
the  points  of  exit  and  of  entrance  of  the  nerves ;  and  by  these  I 
learnt  to  avoid  the  nerves,  when  I  wished  to  excite  single  fasciculi ; 
and  to  excite  them,  when  I  wished  to  obtain  the  contraction  en 
masse  of  large  muscles  or  fasciculi. 

It  is  not  always  sufficient,  however,  to  be  able  to  avoid  the 
points  of  exit  or  of  entrance  of  the  nerves,  in  order  to  obtain 
the  isolated  contraction  of  one  of  the  bundles  of  a  muscle.  There 
are  certam  points  of  election  on  which  the  rheophores  should  be 
placed;  and  which  must  be  sought  in  order  to  be  perfectly  known. 
I  will  take  as  an  example  the  extensor  communis  digitorum.  In 
a  person  in  whom  the  forearm  measures  twenty-four  centimetres 
from  the  olecranon  to  the  styloid  process,  the  point  of  emergence 
of  the  nerve  is,  as  a  rule,  six  centimetres  from  the  epicondyle. 
Before  dividing,  the  nerve  has  a  length  of  two  centimetres ;  and 
its  point  of  immersion  is  at  twelve  centimetres  below  the  epicon- 
dyle; it  being  then  divided  into  two  branches.  With  these 
anatomical  data,  it  is  evident  that  a  rheophore  of  small  surface 
placed  over  the  nerve  prior  to  its  division, — that  is,  over  the  central 
part  of  the  extensor  communis  at  a  point  between  six  and  eight 
centimetres  below  the  epicondyle, — will  produce  simultaneous  con- 
traction of  all  the  fasciculi  of  the  muscle,  if  the  current  be  suffi- 
ciently penetrating  to  reach  the  nerve.  But  at  twelve  centimetres 
below  the  epicondyle  (the  point  of  immersion)  the  rheophore  must 
be  brought  into  relation  with  two  branches  in  order  to  produce  the 
same  effect.  In  other  words,  the  rheophore  must  either  cover  a 
large  surface,  or  only  one  of  the  branches  will  be  excited,  and  only 
two  fasciculi  will  be  thrown  into  contraction. 

If  it  be  desired  to  obtain  isolated  contraction  of  each  fasciculus 
of  the  extensor  communis,  it  will  evidently  be  necessary  to  avoid 
the  nerve  before  its  division,  and  to  seek  the  points  at  which  the 
muscular  fibres  constituting  each  fasciculus  become  suljcutaneous. 
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These  points  are  :  for  the  fasciculus  of  the  iudex,  on  the  inner  side 
of  the  second  radialis  externus  (extensor  carpi  radialis  brevior)  at 
from  10  to  14  centimetres  below  the  epicondyle ;  for  the  fasciculus 
of  the  ring  finger,  a  little  below  the  epicondyle,  on  tlie  plane  of 
the  posterior  aspect  of  the  ulna.  It  is  i-equisite,  in  all  these 
operations,  to  use  a  current  that  is  only  slightly  penetrating  (that 
of  the  first  helix),  and  of  moderate  strength;  in  order  that  the 
excitation  may  not  reach  the  deeper  layers. 

By  following  the  anatomical  data  that  I  have  set  forth,  I  have 
been  able  to  obtain  with  certainty,  in  the  first  patient  presenting 
himself,  isolated  contraction  of  the  fasciculi  of  the  extensor  com- 
munis, and  also  contraction  of  the  other  fasciculi  that  move  the 
fingers  and  the  thumb. 

(h).  It  was  with  reference  to  the  difficulties  that  the  practice  of 
localized  muscular  faradization  presents  even  to  an  anatomist,  if 
not  possessed  of  these  data,  that  I  wrote,  in  the  former  editions, 
the  following  lines  : — "  It  must  not  be  supposed  that  it  is  sufficient 
to  know  the  precepts  that  I  have  laid  down,  and  to  be  an  anatomist, 
in  order  to  possess  completely  the  art  of  making  each  muscle  or 
fasciculus  contract  singly.  To  attain  this  degree  of  skill,  it  is 
necessary  to  be  initiated  into  a  vast  number  of  details,  which  I 
cannot  enter  upon  without  transgressing  the  limits  that  I  have  laid 
down." 

Eemak,  misinterpreting  initiated  as  if  it  referred  to  some 
mystery,  played  upon  the  word,  and  referred  to  it  perpetually 
and  maliciously  in  his  brochure.  However,  having  Icnowledge  of 
the  general  precepts  already  laid  down,  he  ought  to  understand, 
especially  after  having  seen  me  make  the  application,  that  it  would 
be  possible  to  initiate  himself  into  these  anatomical  details.  He 
is  said  since  then  to  have  done  so,  by  seeking,  in  dissections,  the 
points  of  immersion  of  the  muscular  nerves.^ 


3  In  October,  1852,  Eemak  did  me  the  |  contract  singly,  lie  adds,  "  Whoever  has 
honour  to  be  present,  with  MM.  the  i  seen  the  skill  and  confidence  with  which 
Professors  Richter  (of  Dresden),  Jacksch  '  he  (M.Duchenno)  throws  the  great  muse li's 
(of  Prague),  Helara  (of  Vienna),  and  !  into  contraction  coidd  abnost  comjilain 
other  German  savants,  at  a  stance  at  winch  of  his  intention  to  preserve  his  secret." 
I  demonstrated  experimentally  the  func-   (p.  11.) 

tions  of  certain  muscles  by  electricity.  When  I  experiment  in  the  presence  of 
M.  Remak  writes,  in  the  brochure  already  pupils,  I  habitually  remember  to  explain 
cited  that  this  sconce  was  of  such  interest  ,  the  anatomical  reasons  that  induce  mo  to 
that  ho  gave  an  account  of  it,  on  Ins  I  place  the  rheophores  upon  this  or  that 
return  from  Paris,  to  the  Medical  Society  i  point  of  election,  in  order  to  obtain  either 
of  Berlin.  But  he  explains  that  my  '  the  contraction  of  a  muscle  en  mag»e  or 
verbal  explanations  were  confined  to  '  the  contraction  of  one  of  its  fasciculi  or 
physiological  demonstration ;  and  did  !  portions.  But,  before  the  select  auditory 
not  include  my  method  of  localized  of  which  Remak  formed  jiart,  I  should 
electrization.  Then,  not  having  under-  ;  have  thought  it  nut  of  place  to  deliver 
stood  how  it  was  possible  to  make  muscles   a  lesson  on  anatomy. 
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The  directions  given  by  Eemak  for  obtaining  tlie  tetanic  con- 
traction of  a  muscle  en  masse  teach  nothing  about  the  points  of 
emergence  and  of  immersion  of  the  nerves  ;  and  they  cannot  even 
serve°to  supply  a  general  rule.  Thus,  according  to  him,  in  order 
to  make  a  muscle  contract  en  masse,  it  is  necessary  to  place  one 
rheophore  on  a  point  of  the  border  of  the  muscle  towards  which  the 
entrance  of  its  nervous  trunh  occurs.  If  this  principle  will  hold 
good  for  some  muscles,  it  will  not  for  many  others.  In  support  of 
my  assertion,  I  will  take  as  an  example  one  of  the  muscles  which 
it  is  said  may  be  made  to  contract  by  this  procedure — the  deltoid.- 
On  whatever  point  of  the  border  of  that  muscle  we  apply  the 
rheophores,  we  obtain  only  partial  contractions ;  since,  as  the  place 
of  entry  of  the  nerve  is  at  the  union  of  the  upper  third  of  the 
muscle  with  the  lower  two-thirds,  and  of  the  posterior  third  with 
the  anterior  two-thirds,  the  rheophores  can  only  encounter  its  final 
ramifications.  The  principle  of  Eemak  is,  on  the  contrary,  appli- 
cable to  the  trapezius.    The  method  that  he  employs  to  make 


When,  at  that  stance,  I  was  seen  to 
produce  contraction  en  masse  of  the  ser- 
ratus  magniis,  by  jDlacing  the  rheophores 
on  the  side  of  the  chest,  by  the  anterior 
"border  of  the  latissimus  dorsi,  was  it 
necessary  to  explain  that  the  rheophores 
were  in  relation  with  the  nerve  of  the 
serratus  magnus  ?  "When  the  same  rheo- 
pliores  were  placed  at  the  junctui'e  of  the 
middle  and  lower  thirds  of  the  margin 
of  the  trapezius,  was  it  necessary  to  say 
to  those  professors  that  I  was  then 
exciting  the  external  branch  of  the 
spinal  nerve  from  the  cervical  plexus  ? 
The  contraction  en  masse  was  sufficient 
to  show  them  what  was  done.  This 
method  of  muscular  electrization  by  the 
intermediation  of  the  nerves  was  the 
indirect  muscular  faradization  that  I  had 
described  in  a  general  manner,  in  my 
writings  and  my  experimental  stances, 
without  entering  into  details  about  the 
points  of  emergence  and  immersion  of 
the  motor  nerves.  Again,  when,  during 
tlio  same  seance,  I  wished  to  obtain 
isolated  contraction  of  the  portions  of  the 
trapezius  which  are  physiologically  dis- 
tinct muscles,  tliey  saw  me  avoid,  as 
much  as  possible,  the  points  of  cutrance 
of  nerves,  and  place  the  rheophores  in 
succession  on  each  of  the  parts  that  form 
what  I  have  called  the  respiratory  (cla- 
vicular), the  elevator,  or  the  adductor, 
portion  of  the  trapezius. 

During  several  hours  that  the  stance 
lasted,  Kemak  saw  me  produce,  in  suc- 
cession, contraction  of  a  large  number  of 
muscles  en  manae,  and  of  separate  fasci- 


culi— the  former  by  exciting  theii-  ner- 
vous trunks,  the  latter  by  placing  the 
rheophores  upon  them,  beyond  the  points 
of  immersion  of  the  nerves.  This  great 
critic,  however,  who  has  witnessed  the 
results  that  I  obtained,  and  has  made 
them  the  subject  of  eulogy,  obtained  no 
glimpse  of  the  particular  methods  that 
allowed  me  to  obtain  them  !  With  whom 
is  the  blame?  Did  I  trust  too  much  to 
his  anatomical  knowledge?  Had  micro- 
scopic anatomy  caused  him  to  forget  that 
which  can  be  seen  with  the  naked  eye  ? 
Such  seems  to  be  the  only  solution  of  tho 
enigma. 

Eemak,  who  has  thus  represented  me 
as  a  kind  of  prestigiator,  whose  dex- 
terity he  praises,  but  who  preserves  his 
secrets  from  him,  says  again,  "It  must 
equally  be  admitted  tliat  he  (M.  Du- 
chenne)  has  not  yet  perfectly  fixed  upon 
the  anatomical  conditions  of  the  results 
that  he  obtains ;  and  that  he  owes  his 
knowledge  of  the  aforesaid  points  (tho 
points  of  election  on  which  the  rheojihores 
should  be  jilaced)  perhaps  to  chance  or 
rather  to  the  trials  by  which  ho  has 
arrived  at  his  method."  Then  llomak, 
for  tlie  honoiir  of  science,  sets  himself  to 
work,  and  discovers  that  these  famous 
points  of  election  arc  the  points  of  entry 
of  tlic  muscular  nerves.  Unlbrtuuately 
for  tlio  priority  of  this  discovery,  the 
experiments  tluit  lie  adduces  to  explain 
the  anatomical  reasons  for  these  points 
of  election  are  lu'cciscly  those  that  I 
performed  before  his  eyes,  at  the  sc'tiiice 
at  which  he  was  present  in  1852. 


88 


LOCALIZED  ELECTRIZATION. 


that  muscle  contract  en  masse  is  nearly  that  which  he  saw  me 
practise  in  1852  (without  then  understanding  it).  I  say  nearly, 
because  Kemak  states  that  he  places  only  one  rheophore  on  the 
branch  of  the  accessory  nerve  of  Willis,  while  the  other  is  placed 
on  a  point  of  the  muscle.  But  it  is  impossible  to  produce  con- 
traction of  all  the  parts  constituting  the  trapezius  except  by 
placing  the  rheophores  on  the  points  of  the  cervical  border  of  the 
muscle  at  which  the  two  trapezian  nerves  penetrate :  the  one  on 
the  trapezian  branch  of  the  spinal  (five  centimetres  above  the 
clavicle),  the  other  below  the  trapezian  branch  of  the  cervical 
plexus  (three  centimetres  above  the  clavicle).  Then,  on  the  side 
excited,  we  see  the  head  inclined,  the  shoulder  raised,  and  the 
scapula  drawn  towards  the  median  line :  then  we  see  the  three  por- 
tions of  the  muscle  swell,  and  stand  out  in  relief  beneath  the  skin. 

In  1855  ^  I  wrote  :  "  This  work  (in  which  would  be  shown  the 
anatomical  points  on  which  the  rheophores  should  be  placed,  in 
order  to  study  the  proper  action  of  muscles  or  of  their  divisions) 
would  certainly  be  very  useful ;  but,  with  the  desire  to  shorten  it 
as  much  as  possible,  and  to  facilitate  study,  I  intend  to  set  forth 
the  data,  at  some  future  time,  in  a  synoptical  table  with  figures. 
This  project  cannot  be  put  in  execution  until  I  have  entirely 
terminated  my  researches  on  muscular  electro-physiology." - 

Taking  up  my  idea,  and  desirous,  without  doubt,  to  put  it  more 
quickly  in  execution,  a  Grerman  writer,  Di-.  Ziemssen,^  has  sho\NTi 
on  anatomical  plates  the  points  on  which  the  rheophores  should  be 
placed  to  produce  isolated  contraction  of  muscles ;  declaring,  in  the 
preface  to  his  book,  that  he  wishes  to  render  the  employment  of 
my  method  of  muscular  electrization  easy  to  every  practitioner. 

We  must  not  praise  this  work  too  much ;  for  the  writer  unfor- 
tunately has  fallen  under  the  influence  of  the  errors  of  liemak. 
He  says  that  the  method  consists  solely  in  always  placing  the 
rheophores  over  the  points  of  immersion.  Nothing,  certainly,  can 
be  more  simple  and  more  easy  than  this ;  for  which  he  has  only 
needed  to  use  certain  anatomical  plates,  as  I  had  advised  in  my 
reply  to  M.  Remak.  (The  points  of  immersion  of  the  nerves  are 
shown  with  the  greatest  exactitude  in  the  plates  of  M.  Ludovic 
Hirschfeld.*    As  these  are  drawn  to  half  the  natm-al  size  of  an 


'  De  I' Electrisation  localise'e,  Paris, 
1855,  in  8vo.  p.  58. 

2  It  is  well  known  that,  since  1855. 1 
have  never  ceased  to  exert  all  my  ac- 
tivity in  the  publication  of  new  electro- 
physiological researches.  Why,  then, 
should  I  be  so  liitterly  reproached 
because  I  have  not  yet  prepared  the 


synoptical  tabic?  I  cannot  double  niy 
existence. 

Ziemssen,  Die  Elecfriciiat  in  da 
Medizin.    Second  edition.    Berlin,  1866. 

Neurologic :  on  ])e/<frip1ion  ei  Icono- 
graphie  du  Sysleme  Nervetix.  V&rk. 
18o3-4. 
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adult,  it  is  possible,  with  the  help  of  a  compass,  to  ascertain  exactly 
the  poiuts). 

Since  Dr.  Ziemssen  has  made  himself  acquainted  with  my  reply 
to  M.  Kemak,  he  should  have  understood,  it  seems  to  me,  after  the 
detailed  explanations  into  which  I  entered,  and  which  have  been 
reproduced  above : — 

(1)  .  That  my  manner  of  practising  direct  muscular  excitation  is 
not  that  which  he  has  described  as  being  mine.  It  is  true,  indeed, 
that  I  sometimes  place  my  rheophores  over  the  points  of  immersion 
or  emergence  of  muscular  nerves,  in  order  to  produce  the  con- 
traction en  masse  of  each  muscle ;  but,  again,  I  sometimes  avoid 
these  points  of  immersion,  in  order  to  obtain  isolated  action  of  the 
fasciculi,  which  often,  indeed,  are  really  independent  muscles. 

(2)  .  That  it  is,  consequently,  not  sufficient  to  mark,  as  he  has 
done,  the  points  of  immersion  of  the  muscular  nerves ;  but  that  it 
is  also  necessary,  as  I  have  given  an  example  in  p.  86,  to  point 
out  the  spots  on  which  the  rheophores  should  be  placed  when  it 
is  desired  to  throw  only  single  portions  or  fasciculi  into  action. 
(These  points  are  not  always  easy  to  find;  and,  as  Eemak  says, 
I  have  sometimes  had  to  seek  them  empirically.) 

(3)  .  That  the  figures,  on  which  the  points  of  emergence  and  of 
immersion  of  the  nerve  are  marked  by  a  sign,  are  certainly 
useful ;  but  that  they  are  not  sufficient  for  practical  purposes.  It 
is  necessary,  in  fact,  and  I  cite,  as  an  example,  the  faradization  of 
the  extensor  communis  digitorum  or  of  its  fasciculi,  to  ch6ose  a 
fixed  marked  point,  and  to  make  known  the  average  distances 
between  the  marked  point  and  the  point  of  election. 

Pakt  the  Thied. 
cutaneous  electeization. 

Cutaneous  electrization  may  be  practised  by  means  of  either 
static  or  dynamic  electricity. 

§  I. — Electrization  of  the  shin  hy  static  electricity. 

In  order  to  limit  static  electricity  to  the  skin,  it  is  necessary  to 
use  only  a  feeble  degree  of  tension.  Indeed,  cutaneous  excitation, 
by  that  form  of  electricity,  does  not  exceed  certain  degrees  of 
tension  without  penetrating  more  or  less  deeply  to  subcutane- 
ous organs  and  producing  shock.  For  this  reason,  the  therapeutic 
action  of  cutaneous  static  electrization,  which  must  be  very  weak 
in  order  to  be  confined  to  the  skin,  is  seldom  iildicated  and  almost 
always  insufficient,  as  I  have  shown  already  in  Chapter  I. 
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§  II. — Electrization  of  the  shin  ly  dynamic  electricity;  or  cutaneous 

galvanization. 

I  liave  already  said  that  cutaneous  excitation  by  dynamic 
electricity  is  practised  by  dry  rheophores,  applied  to  the  dry  skin, 
and  that  the  resulting  sensation  ranges  from  simple  tingling  to 
acute  pain.  It  is  well  known  that  galvanism  does  not  act  upon 
the  sldn  without  causing  an  alteration  more  or  less  considerable 
(vesication  or  cauterisation) ;  while  faradism  produces  no  greater 
organic  change  than  little  papules  or  erythema.  It  follows  that 
cutaneous  galvanization  should  only  be  applied  in  certain  cases ; 
and  that  cutaneous  faradization,  which  respects  the  tissues,  is  one  of 
the  most  valuable  and  most  frequently  indicated  therapeutic  agents, 

§  III. — Electrization  of  the  shin  hy  the  induced  current;  or  cutaneous 

faradization. 

These  reasons  have  determined  me  to  treat  specially  of  cutaneous 
faradization  ;  the  methods  of  applying  which  are  the  same  as  for 
cutaneous  galvanization. 

I. — Mode  of  operating. 

The  different  electro-cutaneous  excitability  of  different  regions 
of  the  body  requires  the  use  of  different  methods  of  cutaneous 
faradization.  The  procedures  are  of  three  kinds  :  faradization  by 
the  electric  hand,  by  solid  metallic  rheophores,  and  by  electric 
threads. 

Each  of  these  methods  possesses  a  special  action,  which  may  be 
rendered  available  in  therapeutics  ;  and  I  proceed  to  describe  theLr 
application. 

A. — The  electric  hand. 

In  this  method  a  moist  rheophore  is  used  (a  sponge  contained  in 
a  cylinder)  like  that  shown  in  fig.  25.  This  is  put  into  communi- 
cation with  one  pole  of  the  apparatus,  and  is  then  applied  to  some 
insensitive  part  of  the  patient's  body.  The  other  rheophore,  in 
communication  with  the  other  pole,  is  held  by  the  operator,  who, 
having  first  dried  the  skin  to  be  faradized  by  some  absorbent 
powder  (lycopodium  or  rice  starch),  passes  the  back  of  his  free 
hand,  also  dried,  over  the  points  which  he  wishes  to  excite. 

B. — Solid  metallic  rheophores. 

The  skin  must  be  dried  as  above  described ;  although  if  the 
epidermis  be  very  thick  and  hard,  i\s  it  becomes  from  some  occu- 
pations, and  chiefiy  on  the  hands  and  feet,  which  are  often  in  more 


CUTANEOUS  ELECTlllZATlON. 


91 


or  less  continuous  contact  with  air  and  water,  it  may  be  necessary 
sliglitly  to  moisten  the  surface,  in  order  that  the  electric  excitation 
may  penetrate  to  the  dermis.  Large  dry  metallic  rheophores, 
cylindrical,  olive-shaped,  or  conical,  as  shown  in  figs,  27,  28,  30, 
and  31,  are  then  applied  to  the  skin  and  moved  over  its  surface. 
Eheophores  of  the  first  shape  are  used  to  excite,  by  their  outer 
face,  the  skin  of  the  chest  and  limbs  ;  the  second  for  faradization 
of  the  hairy  scalp. 

The  rheophores  should  always  be  moved,  more  or  less  quickly, 
over  the  diseased  parts.  In  certain  special  cases,  when  it  is  desired 
to  produce  a  very  strong  revulsion  over  a  very  small  surface,  the 
point  of  the  olive  may  be  kept  for  some  time  stationary.  When 
the  conical  rheophore  is  thus  employed,  it  is  called  by  patients  the 
electric  nail,  from  their  comparing  its  action  to  that  of  a  hot  nail 
penetrating  the  skin.  This  method  of  procedure  is  chiefly  appli- 
cable to  the  neighbourhood  of  the  vertebral  column. 


C. — Metallic  threads. 

The  metallic  threads  (fig.  32)  are  employed  in  the  for 
little  brush,  contained  in  a  cylinder,  which  is  screwed  to 
sulating  handle.  There  are  two  methods  of  faradi- 
zation by  the  metallic  threads.  They  may  be  moved 
over  the  affected  surface,  or  this  surface  may  be  lightly 
struck  with  the  extremity  of  the  brush ;  or  they  may 
be  held  in  contact  with  the  skin  as  long  as  the  patient 
can  bear  them.  The  first  proceeding  has  much 
analogy,  as  regards  its  action  on  the  sensibility,  to 
transcurrent  cauterization.  The  second  I  have  called 
electric  fustigation.  The  third,  seldom  endured  by 
patients,  may  be  employed  in  certain  deep-seated 
affections, — in  the  treatment  of  white  swellings,  for 
example,  and  to  aid  the  absorption  of  tumours  and 
enlarged  glands.  It  may  be  described  as  the  electric 
7noxa. 


m  of  a 
an  in- 
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II- — Physiological  and  therapeutical  action. 

The  application  of  the  electric  hand  to  the  ex- 
citation of  the  cutaneous  sensibility  produces,  in  the 
lace,  and  under  the  influence  of  an  intense  current, 
a  very  acute  sensation.    On  other  parts  of  the  body         *  .  „. 

.■I  .  -11'  I' ig.  32.— Metallic 

the  sensation  produced  is  hardly  more  than  if  the  threads, 
hand  rested  long  on  the  part.    The  smart  crepitation  caused  by 
the  passage  of  the  hand  over  the  surface  is  the  only  effect  produced. 
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The  solid  metallic  rheopbores  act  energetically  upon  the  sen- 
sibility of  the  face,  even  with  a  slight  current.  They  actively 
stimulate  the  skin  of  the  trunk ;  but  they  are  often  powerless  on 
the  palms  of  the  hands  and  the  soles  of  the  feet,  whatever  the 
intensity  of  the  current. 

The  metallic  threads  triple  the  power  of  faradization  upon  the 
cutaneous  sensibility  ;  and  are  almost  always  tbe  only  agents 
capable  of  exciting  it  acutely  on  the  palms  of  the  hands  and 
the  soles  of  the  feet,  in  profound  anaesthesia  of  these  regions. 

The  sensations  produced  by  these  several  methods  of  faradization 
are  different.  On  the  face  the  electric  hand  produces  the  effect  of 
a  rough  brush  tearing  the  skin ;  and  the  metallic  threads  exert  a 
deeper  action.  When  they  are  kept  stationary,  the  sensation  is 
like  that  of  hot  needles  piercing  the  tissues.  The  fustigation  by 
threads  produces  a  sensation  that  diifers  from  this  only  in  its 
duration.  No  other  agent,  not  even  fire,  produces  pain  equal  to 
that  caused  by  metallic  threads  ;  if  we  may  judge  from  the  state- 
ments of  patients  who  have  also  experienced  the  moxa  and  trans- 
current  cauterization.  It  is  very  difficult  exactly  to  express  these 
different  sensations,  and  I  have  striven  to  do  so  by  using  the 
terms  habitually  employed  for  the  purpose  by  patients  themselves. 

In  the  normal  condition,  the  cutaneous  excitability  by  electricity 
differs  greatly  in  different  parts  of  the  body.  It  is  necessary,  in 
order  to  use  faradization  successfully  in  cutaneous  anaesthesia  or 
in  various  lesions  of  tactile  sensibility,  to  know  the  differences,  in 
this  respect,  between  various  regions  in  the  healthy  state. 

The  skin  of  the  face  is  indebted  to  the  fifth  pair  of  nerves  for 
exquisite  sensibility,  and  its  electric  excitability  is  so  great  that 
the  most  feeble  faradic  current  produces  an  acute  sensation ;  even 
when  its  effect  is  scarcely  appreciable  on  other  parts  of  the  body. 
The  skin  of  the  face  is  more  sensitive  to  electric  action  near  the 
middle  line  than  elsewhere;  thus  its  sensitiveness  is  greater  on 
the  eyelids,  the  nose,  and  the  chin,  than  on  the  cheeks.  The  skin 
covering  the  upper  eyelid,  the  alae  and  point  of  the  nose,  the 
borders  of  the  nostrils,  tbe  sub-nasal  depression  of  the  upper  lip, 
and  the  line  of  junction  of  the  labial  skin  and  mucous  membrane, 
are  the  points  on  which  the  electric  excitation  is  felt  the  most 
acutely. 

On  the  forehead  the  sensibility  is  less  than  on  the  face,  and  still 
diminishes  as  the  hairy  scalp  is  approached.  In  the  latter  it  is 
comparatively  slight ;  and  is  only  excited  by  a  tolerably  powerful 
current. 

The  sensibility  is  notably  greater  on  the  neck  and  trunk  than  on 
the  limbs ;  in  the  cervical  and  lumbar  regions  than  in  other  parts 
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of  tlie  truiilv ;  on  the  internal  and  anterior  aspects  of  the  limbs 
than  on  tlieir  external  and  posterior  aspects. 

The  skin  of  the  palm  of  the  hand  possesses  the  least  electric 
excitability,  and  that  of  the  sole  of  the  foot  more,  except  at  its 
middle  and  internal  portion.  In  persons  whose  hands  are  much 
exposed  to  air  and  moisture,  the  sensibility  of  the  skin  covering 
them  is  so  blunted  that  particular  methods  and  a  very  strong 
current  are  necessary  in  order  to  excite  it. 

There  is  no  other  therapeutic  agent  the  action  of  which  is 
comparable  to  that  of  cutaneous  faradization.  By  this  alone,  the 
sensibility  of  the  skin  may  be  excited  to  any  extent,  either  in 
passing  rapidly  from  a  simple  tingling  to  the  most  intense  pain, 
or  in  passing  gradually  through  all  intermediate  degrees.  By  this 
alone  can  an  excitation  be  produced,  which  that  of  the  actual 
cautery  scarcely  equals,  without  disorganising  the  tissues,  without 
even  raising  the  epidermis,  however  prolonged  may  be  the  opera- 
tion. The  sensation  produced  ceases  suddenly,  and  nearly  always 
completely,  as  soon  as  the  rheophore  is  no  longer  in  contact 
with  the  skin ;  and  the  instantaneousness  of  the  action  allows 
the  electric  stimulation  to  be  carried  rapidly  to  all  points  of  the 
surface  of  the  body. 

This  exposition  of  the  chief  properties  of  cutaneous  faradization 
should  afford  an  idea  of  the  power  of  its  therapeutic  action,  and  of 
the  numerous  services  that  it  is  calculated  to  afford  in  practice. 
These  I  shall  have  many  occasions  to  establish  in  the  course  of  the 
work. 

Part  the  Fourth. 

Faradization  of  internal  organs,  the  genital  organs,  and  of  the 
organs  of  the  senses. 

Most  of  the  organs  situated  within  the  cavities  of  the  body  are 
accessible  to  faradic  excitation,^  either  directly,  by  the  action  of 
rheophores  placed  upon  their  tissues,  or  indirectly,  by  stimulation 
of  the  nerves  that  govern  them.  I  proceed  to  describe  the 
different  methods  that  I  have  adopted,  in  order  to  direct  upon 
these  organs  the  faradic  excitation. 

§  I.  Faradization  of  Internal  Organs. 
1.  Faradization  of  the  rectum  and  muscles  of  the  amis. 

Involuntary  stools  and  descent  of  the  rectum  are  often  caused 
by  paralysis  of  the  sphincter  and  levator  ani ;  and  it  may  then  be 


I  repeat  that  it  is  not  sufficient 
that  an  organ  slioiild  be  traversed  by  an 
electric  current  in  order  to  ho  excited  by 
it.    It  is  necessary   for  tluit  purpose, 


either  that  the  electric  recomposition 
should  take  place  within  its  tissue,  or 
that  the  nerve  which  governs  it  should 
be  directly  stimulated. 
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necessary  to  farudizo  tliese  muscles.  For  this  purpose  a  metallic 
olive  (fig.  33),  mounted  on  a  stem  of  metal,  insulated  by  gum 


Fig.  33.— Rectal  rheophore. 

elastic,  is  introduced  into  the  rectum,  and  then  connected  with 
one  of  the  poles  of  an  induction  apjDaratus.  A  second  (moist) 
rheophore  is  moved  over  the  circumference  of  the  anus.  When 
the  apparatus  is  in  action,  the  stem  is  so  moved  as  to  place  the 
olive  in  contact  with  the  muscles  of  the  lower  part  of  the  rectum  ; 
that  is,  with  the  levator  and  sphincter  ani.  In  order  to  excite  the 
muscular  coat  of  the  rectum,  the  olive  should  be  moved  over  all 
its  internal  surface.  It  is  always  necessary  first  to  free  the  rectum 
from  foecal  matter,  by  means  of  enemata. 

If  it  be  desired  to  overcome  constipation,  due  to  insensibility 
of  the  mucous  membrane  of  the  rectum  or  to  paralysis  of  the 
muscular   coat,   the  rheophore  must  be  introduced  as  before 
described,  and  moved  over  the  whole  surface  of  the  intestine. 
The  margin  of  the  anus  is  so  sensitive  that  the  slightest  faradic 
excitation  produces  insupportable  tenesmus.  Care 
must  therefore  be  taken  always  to  insulate  the 
stem  that  bears  the  olive,  unless  it  be  wished 
to  act  upon  the  sphincter  muscle. 

2.  Faradization  of  the  bladder. 

In  all  faradic  operations  upon  the  bladder,  the 
organ  must  first  be  emptied,  as  in  faradization 
of  the  rectum.  Without  this  precaution,  the 
excitation,  instead  of  being  limited  to  the  parietes 
of  the  two  organs,  would  extend  to  the  saci'al,  or 
the  hypogastric  plexus. 

In  order  to  faradize  the  muscular  fibres  of 
the  neck  of  the  bladder,  an  olive-shaped  rheo- 
phore is  introduced  into  the  rectum,  as  above 
described.  A  curved  metallic  sound  (fig.  34), 
insulated,  by  being  covered  with  an  elastic 
catheter  to  within  two  or  three  centimetres 
of  its  vesical  extremity,  is  then  introduced  into 
the  bladder,  and  placed  in  connection  with  one 
of  the  poles  of  an  induction  apparatus.  When 
Fig.  3i.-urothiai    +r.jg  jg  jj^  action,  the  sound  is  drawn  back  in 

rlicoplioio. 
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sncli  a  manner  that  its  extremity  is  brouglit  in  contact  succes- 
sively with  all  points  of  the  neck  of  the  bladder.  The  patient 
submitted  to  the  operation  feels  contractions  that  result  from  the 
excitation  of  the  muscular  fibres  that  go  to  form  the  sphincter 
of  the  neck  of  the  bladder. 

If  it  be  desired  to  excite  either  the  sensibility  or  the  contrac- 
tility of  the  bladder  as  a  whole,  the  vesical  rheophore  must  be 
moved  over  all  parts  of  the  internal  surface.  It  is  not  always 
-.necessary  to  have  recourse  to  this  operation  in  paralysis  of  the 
bladder,  complicating  paraplegia.  It  is  sometimes  possible,  in 
such  cases,  to  re-establish  the  function  by  energetic  faradization 
of  the  muscular  walls  of  the  abdomen.  The  same  operation  will 
also  often  overcome  the  constipation  that  is  habitual  in  paraplegia. 
Numerous  facts  in  my  possession  appear  to  show  that  a  certain 
number  of  cases  of  paralysis,  both  of  the  rectum  and  of  the 
bladder,  have  no  other  cause  than 
paralysis  or  debility  of  the  abdominal 
walls. 

The  electric  excitation  of  the  rectum 
may  be  attended  with  so  much  incon- 
venience as  to  be  a  difficulty  in  the 
way  of  the  procedure  that  I  have  de- 
scribed, and  to  require  to  be  avoided. 
For  this  purpose  I  introduce  two  rheo- 
phores  into  the  bladder;  and  I  have 
had  made,  by  M.  Charriere,  an  instru- 
ment that  I  call  the  double  vesical 
rheophore  (figs.  35  and  36). 

The  double  vesical  rheophore  is 
formed  of  two  flexible  metallic  stems, 
enclosed  in  an  elastic  catheter  of  double 
channel,  which  separates  them  from  each 
other.  The  two  stems  have  such  termin- 
ations as  are  shown  in  fig.  36  ;  so  that 
when  approximated,  as  in  fig.  35,  they 
resemble  an  ordinary  sound.  The  in- 
strument is  closed  by  pushing  the  elastic 
catheter  forward,  and  is  introduced  into 
the  bladder.  The  stems  are  then  pushed 
forward  for  three  or  four  centimetres, 
while  the  catheter  is  held  still,  in  such  a 
manner  that  the  extremities  may  separate.  Then,  after  each  stem 
has  been  connected  with  the  pole  of  an  induction  apparatus,  tlie  in- 
strument is  handled  in  the  way  already  described.    The  double  gum 


Fig.  35. 


Fig.  35.— Double  vesical  rheophore 
closed. 


Fig.  36.— The  same,  open. 
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catlietlier,  which  encloses  the  stems  of  the  rheophores,  must  never 
be  penetrated  by  moisture,  because  the  currents  would  then  pass 
from  one  rheophore  to  tlie  otlier,  and  would  be  recomposed  in  the 
interior  of  the  catheter,  instead  of  reaching  the  extremities.  It  is 
necessary  to  empty  the  bladder  for  this  reason  also. 


3.  Faradization  of  the  uterus. 

In  certain  cases  of  amenorrhoea,  electric  excitation  of  the  neck 
of  the  uterus  may  be  practised  with  advantage.  For  this  purpose 
I  use  a  rheophore  like  the  double  one  for  the  bladder,  but  differ- 
ing from  the  latter  in  the  curvature  of  the  stems,  and  in  the  larger 
size  of  the  terminal  plates  (figs.  37  and  38).    It  is  introduced 

closed,  as  in  fig.  38,  into  the  vagina, 
and  then  the  two  plates  are  made  to 
separate,  as  in  fig.  37,  by  pushing 
the  stems  onward  through  the  double 
gum  tube  that  covers  them.  The 
operator  guides  each  of  the  plates  by 
the  index  fingers  of  his  free  hand,  and 
places  them  on  the  sides  of  the  cervix. 
It  then  only  remains  to  connect  the 
stems  with  the  poles  of  an  induction 
apparatus.  The  facts  tliat  I  have  ob- 
served show  the  good  effects  of  this 
method  of  excitation  in  cases  of  ob- 
stinate amenorrhoea,  that  are  not  wholly 
dependent  upon  chloro-aneemia. 

If  it  be  desired  to  excite  the  organs 
contained  in  the  pelvis,  by  indirect 
faradization,  the  terminal  olive  of  the 
rectal  rheophore  should  be  directed  to  the  posterior  wall  of  the  rec- 
tum. The  current  then  traverses  the  coats  of  the  intestine,  and 
concentrates  its  action  upon  the  sacral  and  hypogastric  plexus 
behind  it. 

4.  Faradization  of  the  pharynx  and  oesoioliagus. 

Faradization  of  the  pharynx  is  practised  by  means  of  a  rheo- 
phore called  a  pharyngeal.  This  consists  of  a  metallic  stem,  very 
flexible,  or  jointed  like  an  oesophageal  sound,  terminating  in  an 
olive-shaped  metallic  extremity,  three  or  four  millimetres  in 
diameter,  and  protected  by  a  gum  tube  to  insulate  the  stem.  The 
curvature  of  the  jointed  rheophore  may  be  increased  or  diminished 


Fig.  37. 

Fig.  37. — Uterine  rheophore,  open. 
Fig.  38. — The  same,  closed. 
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at  pleasure,  by  means  of  a  mechanism  for  the  purpose,  so  that, 
when  introduced  into  the  pharynx  its  olive-shaped  extremity  may 
reach  to  the  inferior  constrictor. 

In  order  to  faradize  the  constrictor  muscles,  the  olive  is  moved 
over  the  surface  of  the  oesophagus,  while  a  moist  rheophore  is  placed 
on  the  back  part  of  the  neck.  The  operator  should  beware  of 
directing  the  olive  against  the  lateral  walls  of  the  pharynx,  which 
are  in  relation,  from  top  to  bottom,  with  the  pneumogastric.  If 
the  rheophore  were  placed  over  the  nerve,  the  electric  action, 
instead  of  being  limited  to  the  pharynx,  would  be  carried  further, 
to  organs  the  stimulation  of  which  would  be  dangerous,  or  at  least 
contra-indicated. 

To  faradize  the  oesophagus,  an  oesophageal  sound  is  required, 
conveying  and  insulating  a  metallic  stem,  terminating  in  a  small 
olive-shaped  inetallic  bulb.  This  rheophore,  thus  insulated,  acts 
only  on  those  parts  of  the  oesophagus  that  are  in  contact  with  the 
olive-shaped  bulb;  and  hence  it  is  necessary  to  move  this  bulb 
over  every  part  of  the  organ  that  it  is  wished  to  excite.  We  know 
that  the  oesophagus  is  in  relation,  in  its  cervical  portion,  with  the 
left  recurrent  nerve,  lodged  in  the  groove  that  separates  the  oeso- 
phagus from  the  trachea,  and  that  it  is  accompanied,  in  its  thoracic 
portion,  by  both  pneumogastric  nerves,  which  are  situated  lower 
down,  the  left  in  front  of  it,  and  the  right  behind  it.  It  is  sufficient 
to  mention  these  anatomical  data,  in  order  to  show  tlie  difficulty, 
or  even  the  impossibility,  of  avoiding,  during  faradization  of  the 
oesophagus,  the  conveyance  of  the  excitation  to  nerves  that  supply 
the  most  important  organs.  The  operation  therefore  requires 
much  prudence. 

5.  Faradization  of  the  larynx. 

The  muscles  of  the  larynx  that  are  concerned  in  phonation, 
except  the  thyro-arytaenoid  and  the  crico-arytasnoid,  are  accessible 
to  the  direct  action  of  faradization.  I  have  practised  the  following 
method  many  times, 

I  introduce  into  the  pharynx  the  pharyngeal  rheophore,  and 
carry  it  down  below  the  posterior  part  of  the  larynx.  The  second 
(moist)  rheophore  being  placed  on  the  exterior,  at  the  level  of  the 
crico-thyroid  muscle ;  and  the  apparatus  being  in  action,  I  move 
the  pharyngeal  rheophore,  after  having  increased  its  curvature,  in 
such  a  manner  as  to  bring  its  olive-shaped  extremity  into  contact 
with  the  posterior  face  of  the  larynx,  and  I  then  move  it  up  and 
down.  In  this  operation  the  stimulus  is  carried  directly  and 
successively  to  the  posterior  crico-arytaenoid  and  to  the  arytfenoid 
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by  the  pharyngeal  rheophore ;  and  to  the  crico-thyroid "  by  the 
moist  external  rheophore. 

Indirect  faradization  of  the  larynx  is  still  more  simple.  By 
directing  the  extremity  of  the  pliaryngeal  rheophore  to  the  lateral 
portions  of  the  inferior  constrictor,  we  act  upon  the  inferior  laryn- 
geal nerve,  which  supplies  all  the  internal  muscles  of  the  larynx. 
The  left  inferior  laryngeal  may  also  be  reached  through  the 
oesophagus. 

My  experience  has  shown  that  the  above  procedure  Avould 
frequently  be  very  advantageous  in  aphonia  due  to  paralysis  of 
the  muscles  of  the  larynx,  I  shall  record,  in  the  sequel,  many 
cases  in  which  I  have  practised  the  operation  with  success. 

[Duchenne  makes  no  reference  to  the  use  of  the  laryngoscope  to  facilitate 
direct  faradization,  or  galvanization,  of  the  muscles  of  the  larynx.  It  is 
probable  that  his  experience  has  shown  that  the  intervention  of  the  laryngo- 
scope is  practically  rarely  necessary.  Precision  of  manipulation,  however, 
is  at  all  times  to  be  cultivated,  and  this  is  only  possible  of  the  larynx  by  the 
aid  of  the  laryngoscope.  Ziemssen  has  treated  the  subject  of  laryngeal  elec- 
trization with  great  perspicuity  in  his  work  Die  Electricitat  in  der  Medizin, 
and  I  append  a  translation  of  his  observations,  which  I  have  no  doubt  will 
prove  acceptable  to  the  English  practitioner. — E.  T. 

ZIEMSSEN  ON  LAEYNGEAL  ELECTEIZATION. 

"  The  electric  excitation  of  the  nerves  and  muscles  of  the  larynx  has  latterly 
become  of  great  practical  importance ;  on  account  of  the  increasing  certainty 
of  laryngoscopic  diagnosis,  and  especially  on  account  of  the  evidence  thus 
obtained  of  the  frequency  of  paralytic  conditions  of  the  laryngeal  muscles, 
affecting  them  either  singly  or  in  groups. 

"  Much  labour  has  been  bestowed  in  recent  years  upon  endeavours  to  find  a 
satisfactory  basis  for  electrical  treatment  of  the  larynx.  The  first  attempts 
were  to  find  the  laryngeal  branches  of  the  vagus  nerve  in  the  neck,  and  to 
excite  them  through  the  soft  parts  superficial  to  them.  Tliese  attempts, 
made  upon  patients  suffering  from  some  disorder  of  the  nerves  or  muscles  of 
the  larynx,  were  sometimes  followed  by  beneficial  therapeutical  results ;  and 
it  was  thence  inferred  that  the  excitation  of  the  nerves  in  question  had  been 
accomplished.  This  conclusion,  I  beUeve,  was  not  justified ;  and  it  has  still 
to  be  proved,  notwithstanding  the  admitted  recoveries,  that  it  is  generally 
possible  to  direct  an  electric  current  upon  the  superior  and  inferior  laryngeal 
nerves  through  the  skin.  Gerhardt  has  been  at  the  pains  to  test  the  effect  of 
the  excitation  in  the  only  practicable  way,  by  means  of  the  laryngeal  mii-ror, 
and  he  obtained  only  negative  or  doubtful  results.  He  found,  in  healthy 
persons,  on  applying  the  induced  current  to  the  regions  of  the  neck  that  are 
superficial  to  the  coui'se  of  tlie  recurrent  nerves, — namely,  for  the  superior 
laryngeal  nerves  to  the  vicinity  of  the  superior  cornua,  for  the  recurrent 
nerves  to  the  inferior  cornua  of  the  thyroid  cartilage, — that  he  produced 
neither  closure  of  the  glottis,  nor  tension  nor  vibration  of  the  vocal  cords,  nor 
audible  change  of  tone.  He  observed,  on  the  contrary,  after  excitation  on 
both  sides,  a  tremulous  falling  apart  of  the  vocal  cords  after  the  utterance  of 
vocal  sounds :  the  glottis  in  one  case  attaining  one-half,  in  another  three- 
fourths  of  its  normal  inspiration  width.  After  excitation  on  one  side,  he 
observed  a  similar  effect  on  the  vocal  cord  of  that  side  only. 


"  M.  Lorget  has  shown,  by  direct  and  [  crico-thyroid  pei^orras  an  important  part 
well-conceived    experiments,    that    the  |  in  the  net  of  phonation. 
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"  I  have  repeatedly  witnessed  the  same  phenomenon  myself,  both  in  patients 
and  in  liealthy  persons,  and  I  have  not  been  able  to  regard  it  as  arising  from 
excitation  of  the  recurrent,  but  only  as  the  result  of  an  impression  upon  the 
larynx  generally.  I  have  seen  this  tremulous  and  uncertain  condition  of 
the  vocal  cords  chiefly  in  sensitive  and  unpractised  persons ;  and  in  practised 
persons  also  upon  whom  some  unusual  impression  had  been  made  upon  the 
larynx  by  cauterization,  faradism,  or  galvanism,  although  the  special  nerves 
and  muscles  of  the  organ  had  not  been  included  in  the  circuit. 

"  While,  therefore,  I  cannot  admit  that  the  result  above  described  is  a 
satisfactory  test  of  successful  excitation  of  the  recurrent,  I  think  that  we 
possess,  in  energetic  detraction  of  the  epiglottis,  a  certain  sign  of  excitation 
of  the  superior  laryngeal.  This  phenomenon  may  sometimes  be  produced 
from  within,  and  chiefly  from  the  pyriform  sinus,  which  is  crossed  obliquely 
by  the  internal  branch  of  the  superior  laryngeal — sometimes  running  under 
an  elevation  of  the  mucous  membrane  (plica  nervi  laryngii,  Hyrtl.). 

"  The  reason  why  it  is  so  seldom  possible  to  excite  the  inferior  laryngeal 
nerves  alone  from  the  cutaneous  surface  may  be  found,  I  believe,  in  their 
deep  position,  and  in  the  layers  of  muscle  by  which  they  are  covered,  and 
which  prevent,  by  their  contraction,  the  pressing  in  of  the  electrode  and  the 
penetration  of  the  ciu-rent.  These  layers  are  formed  by  the  platysma, 
the  sterno-thyroid  and  sterno-hyoid,  the  omo-hyoid,  the  thyro  pharyngeus, 
and  the  crico-pharyngeus.  The  inaccessibility  of  the  recurrent  would  also 
often  be  due  to  the  enlarged  lateral  i^ortions  of  the  thyroid  body ;  and  the 
adipose  tissue  of  the  neck  may  also  hinder  the  pushing  in  of  the  electrode 
towards  the  deeper  parts. 

"  Although,  therefore,  it  cannot  be  denied  that,  in  particularly  favourable 
conditions,  with  a  thin  neck,  a  small  thyroid  body,  and  a  platysma  not 
extending  far  forwards,  it  may  be  possible  to  isolate  the  laryngeal  nerves 
from  the  siu-face;  yet  they  generally,  on  account  of  their  deep  position,  are 
withdrawn  fi-om  the  reach  of  direct  excitation,  and  any  attempt  to  act  upon 
them,  especially  w-pon  the  recurrent,  from  the  skin,  must  be  regarded  as  a 
highly  doubtful  procedure,  not  to  be  controlled  by  any  satisfactory  test  of  its 
success. 

"  We  must,  of  course,  fully  admit  that,  by  the  percutaneous  application  of 
electric  currents,  therapeutic  results  have  been  obtained  in  cases  of  paralysis 
of  the  vocal  cords,  and  in  disorders  of  innervation  of  aU  kinds,  especially  in 
hysterical  subjects.  The  observations  of  Bamberger,  Gerhardt,  von  Bruns, 
Tobold,  Meyer,  and  Benedict,  place  this  beyond  doubt.  Such  knowledge, 
however,  affords  only  an  uncertain  and  deceptive  basis,  and  does  not  assist 
in  the  special  treatment  of  a  diseased  part,  such  as  a  single  paralysed  muscle, 
or  gi-oup  of  muscles,  with  currents  of  a  known  intensity.  On  the  one  hand, 
we  are  quite  uncertain  whether  the  current  will  generally  penetrate  to  the 
parts  requii-ing  excitation ;  and,  on  the  other,  the  complicated  functions  of 
the  recurrent  nerve  deprive  us  of  the  power  of  influencing,  through  its 
means,  determinate  groups  of  muscles ;  such  as  those  that  open  or  close  the 
glottis,  or  that  render  tense  the  vocal  cords. 

"  This  deficiency  of  the  percutaneous  method  has  been  perceived,  of  lato 
years,  by  others  beside  myself.  Duchenne,  Mackenzie,  Gerhardt,  and  von 
Bruns  have  all  laid  stress  upon  the  possibiHty  and  necessity  of  direct  elec- 
trization of  special  portions  from  the  pharynx.  Duchenne's  observations  lack 
the  laryngoscopic  basis ;  but  the  other  authors  named  have  employed  the 
mirror  as  a  guide  to  the  operating  hand.  Gerhardt  and  von  Bruns  alono 
appear  not  to  have  gone  beyond  isolated  experiments  upon  patients ;  while 
Mackenzie  limits  the  direct  action  of  the  current  to  the  vocal  cords  and  the 
arytaenoid  cartilages,  without  having  considered  the  complicated  anatomical 
relations,  or  the  possibility  of  a  detailed  diagnosis,  and  of  a  localization  of  the 
current  con-esponding  thereto. 

"The  greater  number  of  specialists  in  the  domains  of  laryngeal  discrse  and 
electro-therapeutics,  as  Tobold,  Meyer,  Benedict,  and  others,  content  them- 
selves with  the  percutaneous  method,  on  account  of  the  diJaBiculty  of  the 
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internal  ap]:)lication,  especially  becauRe  of  the  irritability  of  the  mucous 
membrane  of  the  mouth  and  larynx.  The  last-named  author  plainly  declares 
the  direct  excitation  of  the  laryngeal  muscles  to  be  '  unnecessary.' 

"  During  several  years  that  I  liave  studied  this  question,  I  have  applied 
myself,  first,  to  perfect  the  method  of  application  upon  a  number  of  persons 
habituated  to  the  process,  and,  next,  to  demonstrate  its  utility  and  thera- 
peutical value  in  suitable  cases.  On  the  second  question  I  have  spoken  else- 
where ; and  here  I  confine  myself  to  the  first. 

"  The  direct  electric  excitation  of  the  laryngeal  muscles  from  the  pharynx, 
•which  in  all  other  cases  I  prefer  to  the  percutaneous  method,  is  inapplicable' 
to  one  pair  of  muscles  only ;  and  these  only  are  easily  accessible  from  the 
surface.  These  are  the  crico-thyroid  muscles  (recte  and  obliqui,  Henle). 
They  extend,  in  the  front  of  the  neck,  both  vertically  and  obUquely  (from 
above,  downwards,  and  inwiirds),  on  both  sides  of  the  conoid  ligament, 
from  the  thyroid  to  the  cricoid  cartilage;  and  they  are  thrown  into  strong 
contraction  by  two  electrodes,  placed  one  on  each  side  of  the  conoid  ligament. 
Not  only  can  the  approximation  of  the  two  cartilages  be  felt  by  a  finger  in 
their  interspace ;  but  a  vocal  note  sounded  dui-ing  the  contraction  (by  which 
the  tension  of  the  vocal  cords  is  increased)  will  be  raised  about  a  semitone. 

"  The  isolated  excitation  of  the  internal  laryngeal  muscles  from  the  pharynx, 
is  at  first  attended  by  great  difficulties,  as  well  for  the  operator  as  for  the 
subject.  For  the  first,  rapidity  in  tlie  introduction  of  instruments,  without 
unnecessarily  touching  the  root  of  the  tongue  or  the  fauces,  complete  know- 
ledge of  the  anatomy  of  the  parts,  with  special  reference  to  the  objects  of  the 
procedure,  steady  and  certain  holding  of  the  electrode  in  the  right  place,  and, 
above  all,  patience,  are  required.  "For  the  patient,  the  at  first  constantly- 
occurring  annoyances,  such  as  nausea,  or  even  vomiting,  acute  hypersemia  of 
the  mucous  membrane,  cough,  temporary  aphonia,  &c.  &c.,  can  only  be  over- 
come by  weeks  of  steady  perseverance.  By  the  necessary  perseverance  on 
both  sides,  we  generally  at  last  obtain  such  a  tolerance  of  these  sensitive 
regions  to  the  contact  of  the  sponge-covered  electrode,  and  to  the  action  of 
the  electric  stimulus,  that  the  duration  of  each  single  excitation  may  be 
extended  to  half  a  minute.  Many  of  the  persons  that  I  experimented  upon, 
and  of  my  laryngeal  patients,  became  able,  while  the  electrode  rested,  say  in 
one  sinus  pyriformis,  not  only  to  breathe  quietly,  but  to  execute  swallowing 
movements,  and  to  sound  notes,  during  the  passage  of  the  current.  It  will  be 
evident  that  movements  of  the  internal  soft  parts  during  the  action  of  the 
current  cannot  wholly  be  prevented,  even  after  longer  practice,  since  muscular 
contractions  are  produced,  not  only  of  a  reflex  character,  but  also  by  the 
direct  action  of  the  current  itself.  The  entire  disappearance  of  the  laryngeal 
image  fi'om  the  mirror,  at  first  very  perplexing,  is  soon  prevented  by 
practice. 

"  The  strength  of  the  induced  or  galvanic  cuiTent  that  is  applied  is  best 
detei-mined  by  testing  it,  immediately  before,  upon  the  face.  An  induced 
ciirrent  that  produces  distinct  contraction  of  the  frontal  muscle,  or  of  the 
corrugator  superciUi,  a  galvanic  current  from  eight  to  twelve  of  Siemens' 
elements,  and  producing  faint  twitching  of  the  facial  muscles,  will  be  suffi- 
cient, on  account  of  the  small  size  of  the  laryngeal  muscles,  their  supei-ficial 
situation,  and  the  moistm-e  of  the  epithelial  surface  that  covers  them. 

"  As  a  laryngeal  electrode,  I  use  a  slender  sound,  curved  Uke  a  catheter, 
screwed  into  a  wooden  handle,  and  insulated  up  to  its  point.  This  point 
terminates  in  a  little  knob,  which  is  covered  by  a  thin  layer  of  the  finest 
sponge.  The  double  exciter  of  Duchcnne,  in  a  somewhat  modified  shape,  is 
very  useful  for  bilateral  internal  excitation.  To  begin  with,  an  excitor  may 
be  made  from  an  English  gum  catheter,  by  cutting  off  its  extremity  down  to 
the  eye,  and  by  di-illing  a  hole  thi'ough  the  point  of  tlie  stilet,  so  as  to  be  able 
to  fasten  the  sponge  securely.   Mackenzie's  lai-yngeal  galvanizer,  and  von 


'  See  "  Liiryngoscopisches  und  Lnryngotherapeutisches,"  DexUschen  ArrJn'v /Hr 
Klin.  Mndiciv.  Bd.  II.,  Hef(  3. 
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Bvm's  laryngo-electrode  are  convenient  instniments,  since  after  tlieir  intro- 
duction the  circuit  can  be  made  and  broken  at  pleasure,  by  pressure  of  tlio 
finger  upon  a  contrivance  for  the  purpose.  Such  a  contrivance  is  especially 
useful  for  the  simultaneous  introduction  of  both  poles  into  the  pharynx.  An 
operator  who  does  not  possess  tliese  instruments,  may  allow  the  circuit  to  be 
completed,  by  an  assistant,  with  a  second  electrode,  furnished  with  a  larger 
sponge  covering,  and  applied  either  to  any  distant  part  of  the  body,  oi', 
in  therapeutical  procedures,  to  some  selected  spot  of  the  surface  over  the 
larynx,  as  soon  as  the  laryngo-electrode  is  in  its  place. 

"  The  introduction  of  the  laryngo-electrode  should  he  accomplished  quickly, 
with  the  right  hand,  and  without  any  avoidable  contact  with  the  teeth, 
tongue,  or  fauces ;  while  its  coru-se  is  watched  in  the  mii-ror  held  in  the  left 
hand. 

"  Among  the  immediate  effects  of  the  excitation,  hyperasmia  of  the  selected 
spot  and  its  vicinity,  increased  mucous  secretion,  transient  hoarseness, 
inclination  to  cough,  and  pain  in  the  neck,  are  unavoidable.  These  effects 
mostly  disappear  in  a  few  hours,  or  even  sooner.  The  therapeutical  effect, 
where  any  such  is  to  be  expected,  shews  itself  after  the  disappearance  of  the 
first  effects ;  but,  after  the  early  sittings,  has  usually  itself  disappeared  by 
the  next  morning.  That  the  irritation  of  the  mxicous  membrane  of  the 
posterior  sm-faces  of  the  arytsenoid  cartilages,  of  the  pyriform  sinuses,  or  of 
the  vocal  cords,  in  long  continued  treatment,  may  occasion  acute  inflamma- 
tion, ulceration,  or  soreness,  need  not  be  feared,  if  pauses  of  a  few  days  are 
made,  fi'om  time  to  time,  between  the  otherwise  daily  applications.  Even  in 
continuing  the  treatment  for  many  months,  I  have  never  seen  any  injui'ious 
local  action. 

"  The  locahzation  of  the  electric  cuirent  upon  the  several  muscles  is  to  bo 
accomphshed  as  follows : — 

"  The  arytasnoid  muscle  (transversus)  is  the  easiest  to  reach  with  the 
electrode.  As  soon  as  the  i^oint  of  the  electrode  is  jjlaced  upon  the  posterior 
siuface  of  the  arytasnoid  cartilage,  the  circuit  should  be  closed  by  an  assistant, 
or  in  any  other  manner.  By  the  shortening  and  contraction  of  the  arytsenoid 
muscle,  the  posterior  surfaces  of  the  aryttenoid  cartilages  are  arched,  and  the 
cartilages  are  approximated.  On  this  account  especial  care  is  required,  lest 
the  occim-ence  of  the  contraction  should  cause  the  point  of  the  electrode  to 
slip  from  its  place.  The  juxtaposition  of  the  cartilages  that  is  produced  by 
the  arytsenoid  muscle  is  very  energetic.  Absence  or  incompleteness  of  the 
effect,  in  consequence  of  paralysis  or  paresis  of  the  muscle,  is  a  very  important 
and  common  cause  of  aphonia  and  hoa'rseness,  especially  in  the  hysterical. 
The  diagnosis  of  this  condition  presents  no  difficulty  even  to  the  inex- 
perienced. 

The  crico-arytsenoideus  lateralis  is  to  be  reached  at  the  bottom  of  the 
pyriform  sinus,  in  a  direction  backwards,  in  the  immediate  vicinity  of 
the  oixter  margin  of  the  plate  of  the  cricoid  cartilage ;  but  it  requires  great 
dexterity  and  practice  in  laryngoscopic  localization.  The  point  of  the 
electrode  must  take  a  course  directly  downwards,  and  must  be  firmly  pressed, 
so  as  to  reach  the  muscle  by  stretching  the  rather  loose  mucous  membrane 
that  covers  it.  The  tendency  of  beginners  is  to  bring  the  point  of  the 
electrode  too  far  forwards  in  the  pyriform  sinus ;  and,  in  order  to  counteract 
this,  I  advise  a  larger  and  longer  curve  to  be  given  to  the  electrode,  and  the 
Jiandle  to  be  depressed  during  the  action.  , 

"  The  effect  of  isolated  excitation  of  the  crico-arytasnoideus  lateralis  is  to 
produce  slight  rotation  of  the  arytsenoid  cartilages,  with  movement  forwards 
and  inwards,  so  that  the  processus  vocalis  and  the  free  edge  of  the  vocal  cord 
approach  the  middle  line.  The  glottis  is  little  influenced  by  this,  only  so  far 
as  the  cartilage,  and  especially  the  vocal  process,  change  their  relative  |>ositiou 
to  their  fellows.  If  the  patient  inspire  quickly  and  deeply  during  continuous 
contraction  of  the  muscle,  the  vibration  of  the  prominent,  and  yet  lax,  vocal 
cords  produces  a  loud  jarring  sound,  luid  their  vihraiioiis  n;ay  be  clearly 
seen. 
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"  The  thyro-aryfsBuoideus  oxtcrnus  (Henlc),  or  ary-synrlesmicus  (LuschJca 
Merkel),  wliich  rests  close  against  the  anterior  and  upper  margin  of  the  crico- 
thyroideus  lateralis,  and  also  the  thyro-aryta)noideus  internus,  lying  some- 
what further  inwards,  can  both  be  reached  from  the  pyriform  fossa.  The 
position  of  the  electrode  must  be  changed,  so  that  its  point  presses  down- 
wards, inwards,  and  forwards ;  while  the  handle  is  carried  upwards  and  out- 
wards, towards  the  upper  teeth  and  angle  of  the  mouth. 

"The  effect  of  the  direct  excitation  of  the  thyro - arytienoideus,  thus 
produced,  consists  only  in  a  di-awing  of  the  arytenoid  cartilages  forwards 
and  downwards.  It  is  manifest  that  no  tension  of  the  vocal  cords  can  be 
produced,  so  long  as  the  arytenoid  cartilages  are  not  fixed  inwards  and 
backwards  by  the  arytfenoidei  transversales  and  the  crico-arytsenoidei 
postici ;  nor  the  thyroid  and  cricoid  cartilages  approximated  by  the  crico- 
thyroidei. 

"  In  these  excitations  from  the  pyriform  sinus,  in  which  a  certain  degree  of 
pressui-e  is  requu-ed,  care  must  be  taken  not  to  confound  mechanical  move- 
ments impressed  upon  the  parts  of  the  larynx  by  the  point  of  the  electrode 
with  movements  resulting  from  muscular  contraction.  To  prevent  such  an 
error,  it  is  necessary  to  study  the  position  of  the  arytfenoid  cartilages,  and  of 
the  soft  parts,  after  the  introduction  of  the  electrode,  with  the  circuit  at  first 
open,  and  then  closed. 

"  The  two  thyi-o-arytsenoidei  interni  can  be  reached  from  the  glottis,  by 
placing  the  electrode,  during  inspiration,  quickly  and  steadily  upon,  or 
between  the  vocal  cords.  By  closure  of  the  glottis  by  reflex  action,  the 
sponge-covered  end  of  the  electrode  will  be  caught  between  either  the  true 
or  the  false  vocal  cords.  In  the  first  case  it  touches  the  former  by  their 
margias,  in  the  second,  fi'om  above.  This  method  of  excitation  is  highly 
irritating  to  the  mucous  membrane  of  the  larynx ;  and  should  not  be  often 
repeated  diu'ing  one  sitting. 

"  The  crico-aryt£enoideus  posticus,  the  actual  dilatator  glottidis,  lies  upon 
the  posterior  surface  of  the  cricoid  cartilage,  on  either  side  of  a  central 
prominence.  According  as  it  is  wished  to  stimulate  the  right  or  the  left 
muscle,  the  point  of  the  electrode  must  be  made  to  glide  from  the  arytsenoid 
cartilage  either  to  the  right  or  left  behind  the  plate  of  the  cricoid  cartilage. 
At  first  the  constrictor  muscles  offer  strong  resistance ;  and  it  is  sometimes 
necessary  for  the  patient  to  swallow,  in  order  that  the  electrode  may  be 
guided  to  its  right  place.  Sometimes  these  muscles  may  be  excited  fi-om  the 
pyriform  sinus,  by  carrying  the  electrode  backwards  and  downwards.  As 
soon  as  the  muscle  contracts  and  bulges,  the  electrode  is  liable  to  slip  from 
its  place ;  so  that  its  i^osition  should  be  attended  to. 

"  The  effect  is  slight  rotation  of  the  arytfenoid  cartilages  on  their  axis,  in  a 
direction  outwards,  and  also  movement  of  them  backwards  and  outwards,  so 
that  the  glottis  is  completely  opened,  li  the  patient  attempt  to  produce  a 
note,  while  one  muscle  only  is  excited,  a  false  and  deeper  note  is  produced, 
since  only  the  vocal  cord  of  the  other  side  is  brought  into  play. 

"  The  muscles  of  the  epiglottis,  which  receive  theii*  nerves  from  the  superior 
laryngeal,  namely,  the  thyro-  and  ary-epiglottidei,  can  be  excited  either 
directly — from  the  lateral  portions  of  the  base  of  the  epiglottis — or  indirectly, 
where  the  internal  branch  of  the  superior  laryngeal  nerve  passes  through  the 
laryngo-pharyngeal  sinus. 

"  The  glosso-epiglotticus,  which  consists,  according  to  Luschka,  only  of  a 
few  terminal  bundles  of  the  longitudinalis  lingua  superior,  in  the  neighbom-- 
hood  of  the  glosso-epiglottic  folds,  can  seldom  require  the  attention  of  the 
surgeon.  It  can  be  reached,  from  the  glosso-epiglottic  ligament,  more  easily 
than  any  of  the  muscles  that  have  been  mentioned. 

"  The  vagus  nerve  can  be  reached,  according  to  Duchenne,  from  the 
CBsophagus ;  and,  according  to  Scmuola  and  Gerhardt,  fi-om  the  surface  of  the 
neck.  The  first  method  presents  many  difficulties,  since  the  operator  works 
in  the  dark.  The  second  is  easier,  but  of  still  more  doubtful  value*  since, 
on  account  of  the  deep  position  of  the  nerve,  even  when  the  electrode  is  in 
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the  riffht  position  (on  tlie  inner  margin  of  the  sterno-mastoid,  immediately 
below  the  omo-hyoid),  the  thickness  of  the  superincumbent  soft  parts  protects 
the  nerve  in  most  cases,  if  not  always.^^  My  experiments  with  both  methods 
have,  as  yet,  led  to  no  positive  results." — II. 


Fig.  39. — Dr.  Morell  Mackenzie's  laiyngeal  rheopliore, 


G. — Faradization  of  the  stomach,  the  liver',  the  lungs,  and  the  heart. 

Even  wlien  moist  rheopliores  are  employed,  and  whatever  may 
be  the  strength  of  the  current,  the  thickness  of  the  thoracic 
and  abdominal  parietes  will  not  permit  the  electric  excitation  to 
reach  the  regions  situated  within  their  cavities.  Most  of  these 
organs  may,  however,  be  faradized  indirectly,  thanks  to  the 
pneumogastric,  which  is  accessible  to  rheophores  in  the  pharynx 
and  in  the  oesophagus.  It  is  plain  that  the  effects  of  faradization 
of  the  pneumogastric  must  vary  according  to  the  height  at  which 
that  nerve  is  excited.  From  the  lower  part  of  the  oesophagus,  the 
excitation  of  the  nerve  is  communicated  solely  to  the  stomach  and 
the  liver ;  while  from  the  upper  part  of  the  pharynx,  it  is  com-, 
municated  to  all  the  organs  that  the  nerve  supplies.  To  faradize 
the  pneumogastric  at  its  upper  portion,  the  olive  of  the  rheophore 
should  be  carried  over  the  inferior  and  lateral  part  of  the  pharynx, 
and  the  cu'cuit  completed  by  placing  the  second  rheophore  on  the 
nucha.® 

When  it  is  wished  to  limit  the  action  to  the  stomach  and  liver 
an  ohve-shaped  rheophore  should  be  carried  by  an  insulated  stem, 
to  the  cardiac  orifice,  and  the  circuit  completed  by  placing  the 
second  rheophore  upon  the  epigastric  region. 

Is  faradization  of  the  pneumogastric  sometimes  indicated  ?  At 
present,  experience  has  taught  us  nothing  worth  notice  as  to  the 
therapeutic  value  of  the  proceeding.  I  hope,  however,  that  it  may 
be  applied  with  success  to  the  treatment  of  certain  obstinate 


'  It  is  necessary  to  remind  the  reader 
that  in  its  cervical  portion  the  pneumo- 
gastric rests  during  its  whole  coui-se  upon 
the  prevertebral  muscles;  that  in  the 
angular  space  it  is  covered  posteriorly,  on 
one  side  by  the  internal  jugular  vein,  on 
the  other  by  the  common  and  the  internal 
carotid  artery;  that  the  superior  laryn- 


geal nerve,  which  springs  from  the  in- 
ferior and  internal  portion  of  the  gangli- 
ibrm  plexus,  lies  below  and  to  its  inner 
side,  and  that,  arrived  at  the  side  of  the 
pharynx,  at  the  level  of  the  midtlle  con- 
strictor muscle,  it  gives  off  the  external 
laiyngeal,  aud  the  nerve  of  arrest  of 
Sion. 
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nervous  affections  of  the  viscera  of  the  chest  or  abdomen,  for 

instance,  to  gastralgia.  It  is  needless  to  say  that,  in  these  cases, 
the  faradization  of  the  pneumogastric  should  be  practised  at 
different  heights. 

The  procedure  is  not  always  free  from  danger.  I  need  only 
recall  the  important  organs  that  are  subject  to  the  pneumogastric, 
in  order  to  impress  upon  my  brethren  the  need  of  great  caution  in 
similar  researches.  The  following  accident  occurred  in  my  prac- 
tice, and  may  serve  as  a  warning  to  others.  Whilst  moving  a 
rheophore  over  the  lateral  and  superior  parts  of  the  pharynx,  \\  itli 
a  ciu-rent  of  rapid  intermission,  but  moderate  intensity,  the  patient 
fell  suddenly  into  syncope.  When  restored,  he  said  that  he  had 
experienced  a  kind  of  suffocation,  and  an  indefinable  sensation. 
Since  then,  having  faradized  the  pneumogastric  many  times  at  the 
same  height,  with  one  intermission  j)er  second,  and  with  a  very 
moderate  current,  the  same  accident  has  not  occurred,  but  the 
praecordial  sensation  has  been  felt  every  time.  I  once  saw  the 
necessary  caution  neglected,  in  faradizing  the  pharynx  of  a  young 
man,  in  whom  that  organ,  and  the  velum  palati,  were  paralyzed 
consecutively  to  an  angina.  A  profound  syncope  was  immediately 
produced  by  the  operation ;  and,  in  this  case  I  have  no  doubt  that 
the  pneumogastric  had  been  irritated  by  the  current. 

Faradization  of  the  pneumogastric  at  the  lower  part  of  the 
oesophagus  may  be  practised  without  inconvenience. 

Case  n. — I  made  this  application,  in  fact,  a  score  of  times,  upon  a  woman 
named  Celestine  Bonliamy,  twenty-thi-ee  years  of  age.  The  metallic  oUve, 
with  its  insulated  stem,  was  carried  to  the  lower  part  of  the  oesophagus,  and 
was  bulky  enough  to  be  in  contact  with  the  internal  surface  of  the  canal,  so 
that  the  pneumogastrics,  which,  at  the  cardiac  surface,  are  placed  close  to  the 
wall  of  the  oesophagus,  one  in  front  and  the  other  behind,  could  not  escajje 
the  action  of  the  electric  excitation.  The  rheophore  (a  moist  sponge  in  a 
cylinder)  was  placed  upon  the  epigastrium.  The  appUcation  was  made  with 
a  view  to  modify  the  state  of  the  digestive  tube,  which  had  seemed  to  be 
paralysed  for  a  month.  The  stomach  was  enormously  distended  with  gas, 
and  the  constipation  obstinate.  When  I  allowed  the  current  to  pass  with 
one  intermission  a  second,  the  patient  felt  moderately  painful  shocks  at  the 
level  of  the  olive ;  the  stem  was  shaken  by  an  evident  movement,  and  the 
patient  liberated  a  considerable  quantity  of  flatus.  But  no  appreciable  phy- 
siological phenomenon  was  produced  during  the  operation ;  even  when  I  had 
increased  the  force  of  the  current  to  the  maximum  of  the  apparatus.  Once 
I  employed  a  very  rapid  current  of  slight  intensity.  The  pain  was  very 
acute,  the  patient  complained  of  a  deep  constriction;  but  this  was  all. 
There  was  no  appreciable  modification  of  temperature  or  circulation. 

I  cannot  leave  this  subject  without  mentiouing  an  experiment 
that  I  made  upon  a  man,  after  faradization  of  the  pneumogastric. 
I  examined  his  urine  after  this  excitation  (once  only,  it  is  true), 
and  discovered  the  presence  of  glucose  by  the  usual  tests  (liquor 
potassa3  and  Barreswell's  solution).    There  was  no  glucose  in  his 
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urine  ordinarily.  I  believe  this  to  be  the  first  repetition,  on  inaii, 
of  the  experiments  of  M.  CI.  Bernard  upon  animals  :  in  whom  he 
produced  a  temporary  diabetes  by  faradization  of  the  pneumo- 
gastrics.^ 

7. — Faradization  of  the  diaiyliragm. 

I  shall  explain  the  method  of  applying  faradization  to  the  dia- 
phragm, in  the  electro-pathological  study  of  that  muscle. 

[Duchenne's  method  of  exciting  the  diaphragm  is  to  place  a  conical  metallic 
rheophore,  covered  with  wet  leather,  on  each  phrenic  nerve,  to  allow  a  very- 
rapid  cui-rent  to  pass,  and  to  interrupt  it  at  regtilar  inteiTals  to  allow  of 
expiration.  Li  order  to  find  the  phrenic  nerve,  he  presses  the  skin  of  the 
neck  ia  opposite  directions  (outwards  and  inwards)  by  two  fingers  placed 
over  the  external  border  of  the  clavicular  fasciculus  of  the  sterno-mastoid. 
The  rheophore  is  then  placed  between  the  fingers,  across  the  course  of  the 
nerve  and  pressed  down. — Fl.  T.] 

8, — The  portion  of  intestine  comprised  between  the  stomach  and  the 
rectum,  although  inaccessible  to  direct  faradization,  may  be  excited 
by  refiex  action. 

It  is  possible  to  excite  the  intestine  indirectly,  by  a  sort  of 
reflex  action,  by  placing  the  rheophores  on  two  very  distant  points 
of  the  canal.  Thus  M.  Leroy  (d'Etiolles)  has  produced  evacua- 
tions by  passing  galvanic  currents  from  the  mouth  to  the  rectum.^ 
In  1854  (the  time  at  vi^hich  I  made  my  experimental  researches 
upon  the  functions  of  the  diaphragm),  I  repeated  this  experiment 
upon  horses,  with  M.  TJ.  Leblanc,  by  passing  an  induced  current  of 
rapid  intermissions.  I  confess  that  I  was  not  able  to  obtain  an 
alvine  evacuation,  whatever  might  be  the  intensity  of  the  induced 
current.  But  we  remarked  that  during  its  passage,  if  it  were 
intense  and  very  rapid,  the  sacro-spinal  muscles,  the  respiratory 
muscles,  and  the  motor  muscles  of  the  limbs,  became  tetanic.^ 


°  Legons  de  Physiologie  experimentale. 
Pajis,  1856.    Tome  i. 

'  Leroy  (d'Etiolles),  Memoire  sitr  le 
iraiternent  de  I'ileus  et  des  (ftranglements 
intestinaux  internes,  lu  a  V  Academie  de 
M^d^cine,  1826,  suivi  d'un  rapport  de 
M.  P.  Dubois  {Archives  gd'n^rales  de 
M^d^cine,  tome  iii.).  Bapport  fait  a  la 
8oMl^  g^n^rale  des  naufrages  {Asphyxio), 
Journal  de  la  Soci^L€  g^n^rale  des  nau- 
frages, tome  iv.  1840. 

"  To  stimulate  the  contrantility  of  the 
digestive  tube,  there  is,"  he  says, "  another 
and  a  more  powerful  means,  more  speedy 
and  less  hurtful  than  tobacco  fumigations, 
namely,  the  establishment  of  a  galvanic 
current  from  the  mouth  to  the  anus. 
This  contractile  action  was  long  ago  dis- 
played by  experiments  upon  animals ; 


and  one  of  the  members  of  the  council 
has  jn-oved,  by  application  to  the  living 
liiunan  subject,  that  it  is  possible  in  this 
way,  without  risk,  to  produce  energetic 
intestinal  contractions.  Lastly,  M.  Les- 
trohan  has  shown,  by  experiments  upon 
animals,  the  utility  of  the  same  cui'rent 
in  asphyxia." 

^  The  experiments  were  conducted  in 
various  ways.  1.  In  a  horse  lying  upon 
its  side,  its  feet  secured  by  hobbles,  the 
rheophores  of  my  induction  instrument 
were  placed,  the  one  in  tlie  mouth,  and 
the  other  in  the  anus,  the  instriunent 
working  with  rapid  intermissions  and  a 
medium  degree  of  intensity.  They 
immediately  produced  general  tetaniform 
convulsions  in  the  limbs  and  trunk, 
but  no  alvine  evacuation.    During  tho 
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This  method  of  electrization  of  the  intestine  acts  upon  the  spinal 
cord  and  upon  the  medulla  oblongata  with  much  more  energy  than 
the  former.  It  is  the  excitation  of  the  nervous  centres  which  pro- 
duces the  tetanic  contraction  of  so  large  a  number  of  muscles ; 
and  it  is  therefore  necessary  to  have  recourse  to  the  procedure 
very  cautiously,  and  to  administer  only  a  gentle  dose,  lest  we 
should  produce  asphyxia  by  artificial  and  prolonged  contraction  of 
the  respiratory  muscles,  or  by  arrest  of  the  heart's  action,  I  shall 
return  to  this  procedure,  which  has  also  been  used  in  the  treat- 
ment of  asphyxia. 

This  proceeding,  besides  being  dangerous  in  certain  cases,  could 
only  be  used  in  very  slight  intensity  in  the  human  subject ;  be- 
cause the  rheophore,  applied  to  the  mouth,  would  excite  the 
extreme  sensitiveness  of  the  fifth  pair  of  nerves,  and  would  pro- 
duce phosphenes.  I  attempted  this  operation  on  the  patient 
mentioned  above ;  but  she  could  not  bear  it,  even  when  very 
slight.  I  then  modified  it  as  follows :  one  rheophore  was  placed 
in  the  oesophagus,  near  to  the  cardiac  orifice,  the  other  in  the 
rectum.  It  was  then  possible  to  use  a  full  current.  The  whole 
intestine  was  evidently  excited,  and  the  patient  had  daily  colic 
and  abdominal  pains,  but  I  did  not  succeed  in  overcoming  the 
constipation. 

I  see  no  necessity  to  employ  these  proceedings,  which  are 
painful,  and  not  free  from  inconvenience.  By  placing  one  rheo- 
phore in  the  rectum,  and  a  second  (moist)  on  the  abdominal  wall, 
I  have  often  succeeded  in  obtaining  an  alvine  evacuation.  This 
method  produced  a  stool  in  an  hysterical  woman  who  had  suffered 
for  three  weeks  from  a  constipation  that  M.  Briquet  had  been 
unable  to  overcome,  and  whose  abdomen  was  enormously  tym- 
panitic.^ By  the  same  method  I  relieved  internal  strangulation 
of  the  intestine  in  a  woman  who  would  have  undergone  an  opera- 
tion if  I  had  not  succeeded.  I  shall  recur  to  this  case  by-and- 
by. 

§  II. — Fat^adization  of  the  organs  of  the  senses. 

I  proceed  to  set  forth  briefly  the  different  methods  of  faradi- 
zation that  are  most  successful  in  paralysis  of  the  senses. 


first  eecond,  the  respiration  was  sus- 
pended ;  but  on  its  return,  it  was  acceler- 
ated during  the  five  or  six  seconds  that 
the  experiment  lasted. 

The  heart  continued  to  beat  tlirough- 
out  the  whole  experiment,  and  with 
increased  rapidity.  2.  In  another  horse 
that  was  about  to  be  killed  at  ]Montfau9on, 
and  that  I  laid  open,  I  did  not  observe 
any  appreciable  contraction  under  the 


influence  of  the  induced  current  passed, 
as  in  the  former  experiment,  from  the 
mouth  to  the  anus,  whatever  might  l>e 
its  intensity.  The  tetaniform  contractions 
of  the  limbs  and  of  the  trunk  were 
carried  to  their  utmost  limits,  so  as  to 
constitute  opisthotonos. 

^  Briquet,  Traits  dinique  d  iherapeu- 
tique  dc  riiysltfrie,  p.  6G1.    Taris,  1859. 
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A. — Action  upon  paralysis  of  touch. 

Apply  moist  rheophores  on  the  track  of  the  collateral  nerves, 
and  to  the  pulp  of  the  fingers. 

B. — Action  upon  certain  forms  of  paralysis  of  the  retina 

(amav^rosis). 

I  have  shown  in  the  preceding  chapter,  that  galvanism  possesses 
the  special  property  of  exciting  the  retina  very  acutely  ;  producing 
luminous  sensations  when  moist  rheophores  are  applied  to  parts  of 
the  face  on  which  the  branches  of  the  fifth  pair  ramify ;  and  that 
these  sensations  increase  in  acuteness  as  the  rheophores  approach 
the  median  line.  It  sufiSces  to  recall  these  facts,  in  order  to 
know  how  to  operate,  when  it  is  an  indication  to  excite  the  retina, 
as  in  amaurosis.  In  default  of  a  galvanic  current,  it  would  be 
possible  to  use  the  induced  current  of  the  second  helix  of  a  mag- 
neto-faradic  apparatus.  The  action  of  this  current  ujDon  the  retina, 
although  less  than  that  of  galvanism,  is  still  sufficiently  powerful. 

To  direct  excitation  of  the  retina  may  be  added  electro-cuta- 
neous excitation  of  the  circumference  of  the  orbit. 

I  shall  hereafter  describe  the  methods  of  faradization  of  the 
ocular  muscles,  in  treating  of  joaralysis  of  these  muscles. 

C, — Action  upon  paralysis  ofliearing. 

(1).  Fill  the  external  auditory  meatus  with  tepid  water,  and 
place  a  metallic  rheophore — a  sound,  for  example — in  the  water. 
Complete  the  circuit  by  a  second  rheophore  on  the  nucha.  (This 
method,  to  which  I  shall  return,  has  allowed  me  to  institute 
electro-physiological  and  pathological  researches  into  the  uses  of 
the  chorda  tympani.) 

The  sensibility  of  the  membrana  tympani  is  very  great ;  and 
hence  it  is  necessary  to  avoid  rapid  intermissions  and  intense 
currents.  I  purpose  to  treat  specially  of  certain  forms  of  nervous 
deafness ;  and  we  shall  then  see  that  some  of  these  forms,  and 
even  some  of  congenital  deaf-mutism,  have  been  successfully 
treated  by  these  procedures. 

D. — Action  on  paralysis  of  smell. 

A  moist  rheophore  being  placed  over  the  nucha,  the  second  (a 
metal  sound  of  small  diameter,  insulated  by  caoutchouc  except 
at  its  extremities)  is  moved  over  all  points  of  the  nasal  mucous 
membrane. 

It  is  often  sufficient  to  excite  very  feebly  the  general  sensibility 
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of  the  mucous  membrane,  in  order  to  recall  the  lost  or  weakened 
sense  of  smell. 

E. — Action  upon  paralysis  of  taste. 

The  metallic  rheophores  must  be  moved  over  the  base  and  over 
the  borders  of  the  tongue. 

Electric  excitation  of  the  senses  of  sight,  hearing,  smell,  and 
taste,  should  be  performed  with  extreme  circumspection,  because 
liable  to  react  acutely  upon  the  brain.  It  is,  therefore,  contra- 
indicated  in  all  cases  in  which  it  is  necessary  to  avoid  central 
excitement.  In  operations  of  this  kind,  we  should  always  com- 
mence with  a  minimum  dose,  increase  it  gradually,  and  never 
produce  much  jjain.  It  is  also  prudent  to  use  a  cui-rent  of  slow 
intermission. 

Faradization  of  the  male  genital  oegans. 

The  secretion  of  semen  may  be  diminished  or  perverted  ;  and  it 
follows  that  the  sexual  appetite  is  not  awakened  by  the  generative 
instinct,  and  that  erection  is  absent  or  incomplete.  It  may  be 
indicated  to  act  upon  the  secreting  organ  of  the  semen,  the  testis ; 
and  also  upon  the  reservoirs  in  which  this  secretion  is  elaborated, 
the  vesiculse  seminales. 

Faradization  of  the  testicle  is  extremely  simple.  The  moist 
rheophores  are  placed  upon  the  scrotum,  over  the  testicle  or  the 
epididymis.  The  current  traversing  the  skin,  concentrates  its 
action  upon  the  glands.  The  sensation  produced  is  very  painful, 
and  extends  to  the  loins,  if  the  current  be  intense,  and  especially 
if  the  intermissions  are  rapid.  It  is  analogous  to  that  produced 
by  compression  of  the  testicle  or  of  the  epididymis.  The  latter  is 
more  sensitive  to  electric  excitation  than  the  former.  Faradization 
of  either  should  be  performed  with  a  moderate  current ;  since 
their  over-excitation  may  be  followed  by  a  very  painful  neuralgia, 
as  happened  in  the  case  of  a  patient  treated  by  myself.  I  may 
here  repeat  that  the  current  of  the  i3rst  helix,  even  if  of  feeble 
tension,  excites  these  organs  more  acutely  than  that  of  the  second 
helix. 

Faradization  of  the  vesicular  seminales  is  accomplished  by  the 
aid  of  the  rheophore  for  the  rectum  already  described.  The  bowel 
being  first  emptied,  the  rheophore  is  introduced,  and  so  directed 
that  its  olive-shaped  termination  may  be  brought  into  relation 
with  the  vesiculse.  For  this  purpose,  it  is  sufficient  to  move  tlie 
rheophore  from  right  to  left,  and  vice  versa.  A  strong  current 
will  penetrate  the  intestine,  and  reach  the  vesiculoe,  exciting  them 
energetically.    I  need  not  say  that  the  circuit  should  be  com- 
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pleted,  by  placing  a  second  rlieophore  on  some  insensitive  part  of 
the  body.  When  there  is  no  contra-indication,  I  introduce  the 
second  rbeopliore  into  the  bladder,  and  excite  the  las  fond,  so  as 
to  place  the  vesiculas  between  the  two  rheophores. 

The  seminal  fluid  often  dribbles  away,  not  only  in  consequence 
of  a  kind  of  paralysis  of  the  vesiculse,  but  also  from  paralysis  of 
the  levator  and  sphincter  ani,  and  of  the  muscles  of  the  urethra. 
It  is  tlien  proper  not  only  to  faradize  the  vesicula3,  but  also  to 
direct  the  excitation  upon  all  tlie  muscles  that  concur  in  the  act 
of  ejaculation.  Faradization  of  the  levator  and  sphincter  ani  has 
been  described.  The  bulbo  and  ischio-cavernous  muscles  are 
faradized  like  those  of  other  regions  of  the  body  ;  by  placing  moist 
rheophores  on  points  of  the  skin  corresponding  to  their  surface. 

There  may  exist  a  kind  of  weakness  or  paralysis  of  the  ejacu- 
latory  ducts,  which  occasions  seminal  losses,  or  a  too  rapid 
emission  during  sexual  congress.  This  affection  may  be  cured 
by  faradization  of  the  orifices  of  the  ejaculatory  ducts,  by  means 
of  an  urethral  rheophore  terminating  in  a  little  olive-shaped 
metallic  knob,  the  stem  being  insulated  by  a  caoutchouc  sound. 
The  knob  is  introduced  into  the  urethra  as  far  as  the  orifice  of 
the  ducts,  and  the  second  moist  rheophore  is  placed  upon  the 
perineum.  I  shall  return  to  tliis  important  question  when  I  treat 
specially  of  paralysis  of  the  genito-urinary  organs. 

The  testes,  the  skin  of  the  penis,  the  scrotum,  the  perineum, 
the  glans  penis,  and  the  urethra,  may  be  in  a  state  of  complete 
antesthesia.  I  have  seen  impotence  that  could  be  referred  to  no 
other  cause  than  this  general  insensibility  of  the  genital  organs. 
In  such  a  case  I  used  the  following  methods  of  faradization.  I 
excited  the  sensibility  of  the  testicles  by  tlie  method  described 
above.  Then  a  vesical  rheophore  was  moved  slowly  along  the 
urethra,  acting  principally  upon  the  most  irritable  points,  the 
fossae  navicularis.  Lastly,  electric  fustigation  by  metallic  threads 
was  employed  to  restore  the  sensibility  of  the  skin  of  the  penis 
and  scrotum.    I  shall  return  to  this  case  hereafter. 

« 

Part  the  Fifth. 

The  General  Effects  of  Localized  Faradization. 

Beyond  the  local  and  immediate  action  produced  by  electric 
recompositions,  occurriug  within  organs,  faradization  exerts  also 
general  effects,  of  which  it  is  necessary  to  take  account  in  practice. 
The  influence  of  general  excitation  may  increase  the  secretions,  the 
perspiration  for  example ;  and  it  may  make  itself  felt  by  this  or 
that  organ,  according  to  individual  predisposition.    It  is  thus  that, 
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in  amenorrlioea,  the  menstruation  is  recalled  or  modified  by  fara- 
dization, in  wliatever  manner  it  is  applied. 

I  have  proved  that  electro-physiological  excitation  is  limited,  in 
general,  to  the  points  which  are  in  relation  with  the  rheophores ; 
but  it  is  a  belief  widely  diffused  among  practitioners,  that  faradism 
always  over-excites  the  nervous  centres.  If  this  belief  be  well 
founded,  we  may  see  how  much  danger  would  attend  the  uso 
of  such  a  therapeutic  agent,  in  the  treatment  of  certain  forms  oi 
paralysis,  and  especially  of  cerebral  paralysis. 

By  taking  care  to  keep  the  rheophores  near  together,  it  is  cer- 
tain that  the  action  of  the  currents  is  felt  but  feebly  by  the  nervous 
centres.  In  the  following  chapter  I  shaU  describe  the  means  of 
directing  the  excitation  upon  these  centres,  when  it  is  necessary  to 
excite  them. 

It  would  be  easy  for  me  to  show  that  faradization  reacts  upon 
the  nervous  centres,  only  by  the  intermediation  of  the  sensibility 
that  it  over-excites.  When  we  produce  contractions,  by  the 
influence  of  a  very  intense  and  rapid  current,  in  muscles  that  are 
paralysed  in  consequence  of  cerebral  hemorrhage,  and  that  are  at 
the  same  time  deprived  of  their  sensibility,  the  electric  excitation 
will  be  localized  in  the  parts  to  which  it  is  applied,  the  muscles 
will  contract  energetically,  and  the  patient  will  not  even  have  any 
consciousness  of  the  process.  However  frequent  or  long  continued  < 
the  operations,  he  will  be  in  no  way  incommoded.  If,  on  the  con-  < 
trary,  the  same  current  be  applied,  in  the  same  patient,  to  muscles 
that  retain  their  normal  sensibility,  it  will  not  only  produce  imme- 
diate and  very  acute  pains  in  the  muscles  themselves,  but  will 
produce  also  a  general  over-excitation  that  may  be  a  source  of 
danger  to  the  brain. 

It  appears  from  these  considerations  that  localized  faradization 
reacts  very  faintly  upon  the  nervous  centres,  when  so  practised  as 
not  to  excite  the  sensibility  too  acutely ;  and  when  the  rheophores 
are  kept  near  together. 

But  there  is  a  point  which  it  is  important  to  know  in  every 
application  of  electricity  to  man :  I  refer  to  the  dynamic  influence 
that  may  be  exerted  upon  patients  by  the  change  in  their  natural 
electricity  that  is  produced  by  electrization.  In  order  to  give  any 
account  of  these  phenomena,  it  is  essential  to  explain  the  physical 
change  that  is  wrought  in  the  body  by  the  action  of  the  faradic 
current.  At  the  moment  when  the  rheophores  of  an  induction 
apparatus  are  applied  to  the  surface,  the  natural  electricity  of  the 
dermis  is  decomposed,  and  opposite  electricities  collect  towards 
each  of  the  rheophores,  and  escape  in  suflicient  quantity  to 
neutralise  the  current  that  comes  to  trouble  their  repose.  Tliis 
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neutralisation  being  effected,  the  two  opposite  electricities,  by 
which  the  body  is  still  penetrated,  reunite  to  regain  their  normal 
state,  and  do  not  again  separate  until  a  new  current  comes  to 
disturb  them.  Such  is  the  series  of  physical  phenomena  pro- 
duced, more  or  less  frequently,  in  man  ;  according  to  the  rapidity 
and  the  frequency  of  the  induced  current  that  is  directed  upon  his 
organs. 

The  modifications  that  are  thus  wrought  in  the  natural  state  of 
the  electricity  of  the  human  body  do  not  produce,  in  general,  any 
appreciable  dynamic  effect.  But  it  should  be  known  that,  in  cer- 
tain nervous  conditions  difficult  to  analyse  or  to  explain,  man  does 
not  bear  with  impunity  these  changes  in  his  electric  state.  There 
are  then  developed  certain  general  phenomena,  which,  if  they  do 
not  contra  -  indicate  the  use  of  faradization,  at  least  show  the 
necessity  for  caution  in  its  employment.  It  is  well  known  that 
some  persons  are  very  sensitive  to  electric  changes  in  the  atmos- 
phere. I  know  a  lady  who,  during  a  thunderstorm,  is  stricken  for 
some  hours  with  general  paralysis.  I  have  also  seen  persons  who, 
under  the  influence  of  faradization,  suffer  from  singular  nervous 
troubles.  These  general  effects  are  not  produced  by  the  excitation 
of  organs ;  but  appear  to  depend  upon  the  modification  of  the 
electric  state  of  the  body.  Thus  faradization  may  produce 
dazzling,  a  feeling  of  faintness,  or  general  numbness,  although  the 
operation,  very  slightly  performed,  has  occasioned  no  local  sensa- 
tion. I  have  seen,  in  La  Charity  a  young  paralysed  girl  so 
sensitive  to  the  influence  exerted  upon  her  general  state  by  in- 
duced currents,  that  faradization  was  contra-indicated  in  her  case, 
although  it  produced  no  local  sensation.  I  append  an  account  of 
the  case,  which  was  one  of  much  interest : — 

Case  in. — Salle  St.  Yincent,  No.  26  (service  de  M.  Andral) — Eugenie  Thou- 
venir,  aged  sixteen,  born  in  Paris,  of  good  constitution  and  lymphatic 
temperament.  Continual  contraction  of  the  flexors  of  the  fingers  and  thumb 
of  the  left  hand ;  so  that  the  fingers  cannot  be  extended  by  any  elfort.  The 
patient  can  herself  flex  and  extend  the  left  fore-arm.  She  walks  without 
dragging  the .  left  leg ;  but  is  easily  fatigued,  and  feels  a  weakness  of  that 
side.  On  the  left,  a  needle  thrust  deeply  into  the  tissues,  or  a  hard  blow  on 
an  osseous  surface,  produces  no  sensation ;  the  hands  and  feet  have  lost  tactile 
sensibility.  In  standing  or  walking,  she  feels  the  ground  only  with  the 
plantar  surface  of  the  right  foot.  On  the  left  side  there  is  insensibility  of 
the  skin  of  the  face,  of  the  conjunctiva,  and  weakening  of  siglit,  loss  of  smell, 
taste,  and  of  the  general  sensibihty  of  the  nasal  and  buccal  mucous  mem- 
brane. Although  thus  insensitive  to  impressions  from  without,  tlio  patient 
•  suffers  from  frequent  and  deep-seated  pains  in  the  left  arm  and  leg.  She 
cannot  bear  pressure  on  a  fixed  and  limited  spot  below  her  breast,  which  is 
the  seat  of  continued  pain.  She  vomits  five  or  six  times  daily,  either  food  or 
drink.  She  has  no  attacks  of  hysteria,  no  strangulation,  no  palpitations,  no 
abnormal  heart  murmurs ;  but  a  murmur  in  the  carotid. 

At  the  first  seance  for  faradization,  excitation  of  the  skin,  muscles,  bones,  or 
periostevim,  and  even  of  the  nervous  trunks,  occasioned  no  kind  of  sensation 
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on  tho  diseased  side.  The  muscles  contracted  in  response  to  the  excitation, 
but  without  the  consciousness  of  the  patient.  At  the  second  seance,  as  at  tlie 
former,  she  felt  some  of  the  local  sensations  commonly  produced  by  electric 
recomposition ;  but  she  complained  of  a  kind  of  stitch  in  the  left  side,  with 
suffocation,  palpitations,  dazzling,  nausea,  and  cephalalgia.  These  pheno- 
mena were  more  severe,  the  stronger  the  current,  and  the  nearer  the  rheophores 
were  placed  to  the  precordial  region.  If  the  rheophores  were  applied  to  the 
healthy  side,  the  ordinary  phenomena  produced  by  electric  recomposition 
were  displnyed  without  any  general  eifects.  These  strange  phenomena 
induced  me  to  repeat  the  following  experiment  several  times,  in  the  presence 
of  MM.  Andral,  Therial,  Lacaze,  and  the  students  in  attendance  upon  M. 
Andral's  clinique.  We  arranged  so  that  the  patient  could  neither  see  nor 
hear  what  was  done ;  and  then  the  rheophores  were  placed  at  the  lower 
extremity  of  the  left  leg,  so  as  to  produce  electric  recom positions  in  the  skin. 
As  soon  as  the  apparatus  was  set  in  action,  the  symptoms  above  described 
appeared.  Leaving  the  rheophores  in  place,  the  course  of  the  current  was 
interrupted  in  a  manner  that  the  patient  could  not  know,  and  instantly  the 
symptoms  disappeared.  The  rheophores,  placed  upon  the  healthy  side,  pro- 
duced either  muscular'  contractions  and  sensations  or  a  burning  sensation, 
according  to  the  tissue  in  which  the  electric  recompositions  occurred;  but 
they  never  occasioned  any  of  the  general  phenomena  described  above.  This 
experiment  repeated  very  fi-equently,  and  on  many  days  in  succession,  gave 
always  the  same  result.  The  patient  was  so  sensible  of  the  electric  influence 
that  she  recognised  the  very  faintest  currents  when  applied  to  the  diseased 
side ;  although  the  phenomena  occasioned  by  the  same  currents,  when  applied 
to  the  sound  side,  were  scarcely  appreciable.  Every  time  that  she  was 
exposed  to  the  current,  however  feeble,  and  for  however  short  a  time,  she 
suffered  for  a  long  period  afterwards  from  pains  in  the  head,  distm-bance  of 
vision,  general  malaise,  a  stitch  in  the  side,  and  a  redoubled  occui-rence 
of  vomiting  to  which  she  had  long  been  subject. 

It  is  very  difficult  to  find  the  key  to  these  singular  phenomena. 
The  th.ory  of  local  electric  recompositions  is  certainly  not  appli- 
cable to  them ;  because,  on  the  left  side,  the  patient  was  deprived 
of  sensation  in  the  parts  on  which  I  acted,  and  did  not  experience 
any  of  the  ordinary  physiological  effects  of  electric  recompositions, 
occurring  in  the  skin,  in  the  muscles,  &c.,  &c.  They  can  only  be 
explained  by  the  reflex  action  of  some  important  point  in  the  ner- 
vous centres,  under  the  influence  of  the  peripheral  excitation  of 
certain  zones ;  although  the  organs  excited  were  themselves  struck 
with  insensibility. 

An  extreme  reflex  excitability  of  the  nervous  centres,  of  the 
heart,  or  of  the  respiratory  organs  may  also  be  developed  under 
the  influence  of  certain  pathological  states.  Faradization  is  then 
a  two-edged  weapon.  However,  by  proper  circumspection,  we  may 
always  avoid  danger.  We  may  even,  under  certain  circumstances, 
take  a  fortunate  part  in  sustaiuing  or  in  regulating  functions 
essential  to  life,  such  as  those  of  the  heart,  or  of  respiration.  I 
shall  have  occasion  to  record  a  remarkable  case,  in  which  a  slight 
electro-cutaneous  excitation  with  the  hand,  on  the  precordial  region, 
prolonged  for  many  days  the  life  of  a  patient  who,  during  con- 
valescence from  membranous  angina,  and  under  the  influence  of 
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diphtlieritic  poison,  being  in  a  state  of  extreme  excitability,  had 
attacks  of  grave  syncope,  and  was  constantly  in  danger  of  arrest  of 
the  lieart's  action. 

The  general  nervous  disorders  in  question  may  sometimes  be 
produced  even  when  the  subject  is  in  his  natural  state.  Thus,  I 
could  mention  one  of  my  confreres  and  friends,  who  cannot  submit 
to  electrization  without  experiencing  vertigo,  dazzling,  tVc,  how- 
ever feeble  may  be  the  electro-physiological  effects  produced  in 
him.  I  am  unable  to  say  what  are  the  causes  which  predispose  to 
this  extreme  susceptibility  to  electric  influences. 

From  the  facts  stated  above,  I  deduce  the  following  proposi- 
tions : — 

1.  The  changes  wrought  in  the  state  of  the  natural  electricity, 
by  which  the  human  body  is  pervaded,  may  produce,  independently 
of  the  local  electro-physiological  phenomena  due  to  localized 
faradization,  general  effects  of  a  particular  kind. 

2.  Most  commonly,  these  general  effects  are  not  appreciable. 
They  are  only  manifested  in  certain  rare  idiosyncracies,  or  patho- 
logical conditions,  the  causes  of  which  are  usually  unknown. 

3.  These  general  effects,  the  chief  of  which  are  giddiness, 
dazzling,  nausea,  and  even  vomiting,  render  the  application  even 
of  localized  electrization  difScult.  Sometimes  they  contra-indicate 
its  employment. 

4.  We  may,  however,  under  certain  circumstances,  have  recourse 
to  it,  in  order  to  encounter  serious  disorders  of  the  circulation  or 
respiration. 
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CHAPTER  III. 

HISTOKICAL  AND  CRITICAL  OBSERVATIONS  UPON  THE  PRINCIPAL 
METHODS  OP  ELECTRIZATION. 

Whatever  preference  I  may  declare  for  the  method  of  electriza- 
tion described  in  the  foregoing  chapter,  has  not  been  arrived  at 
■without  long  comparative  study  of  each,  of  the  methods  that  have 
preceded  it.  In  the  present  chapter  I  purpose  to  set  forth  the 
results  of  these  researches. 

Static  electrization  (by  the  electrical  machine)  is  the  most 
ancient  of  all  modes.  I  have  already,  in  the  first  chapter,  said 
enough  about  its  physiological  and  therapeutical  properties ;  and 
its  application  for  the  purposes  of  treatment  is  now  generally 
abandoned.^ 

I  propose,  therefore,  to  examine  as  briefly  as  possible,  and  to 
compare,  by  the  light  of  my  own  experience,  the  therapeutic  value  : 
1.  of  electro-puncture  ;  2.  of  electrization  by  reflex  action  ;  3.  of 
localized  electrization  by  induction  currents  and  by  interrupted 
galvanic  currents ;  4.  of  continuous  constant  currents ;  and  I  shall 
preface  the  therapeutical  results  of  my  own  practice  by  certain 
physiological  considerations. 

Part  the  .First. 

on  the  valde  of  electro-puncture  as  applied  to  the 
treatment  op  paralysis. 

§  I.  Historical  retrosjpect. 

The  application  of  electro-puncture  to  the  treatment  of  paralysis 
was  a  distinct  step  in  advance,  when  Sarlandiere  introduced  it  into 
practice.  In  order  to  estimate  correctly  the  services  rendered 
to  therapeutics  by  this  method  of  electrization,  it  is  necessary  to 
recall  what  was  then  the  state  of  medical  electricity. 

It  is  well  known  what  enthusiasm  this  agent  excited  in  its 
infancy,  when  the  electrical  machine  was  first  invented.  We  may, 
indeed,  find  records  of  incontestable  cures,  due  to  the  use  of  elec- 
tricity of  tension,  in  the  authors  who  were  employed  about  the 
subject  at  the  time  in  question,  that  is  from  1743  to  1754.  Kruger, 
professor  at  Helmstadt,  was  the  first  to  use  electricity  as  a  curative 


['  See  Observations,  p.  9.— H.  T.] 
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agent,  in  the  bei-iiming  of  1744;  Two  years  later,  in  1746,  when 
the  effects  of  the  Leyden  jar  (the  strong  discharges  of  which  had 
at  first  inspired  great  terror),  had  become  familiar,  Hermann  Klyn 
cured,  by  this  instrument,  a  woman  who  had  been  two  years 
paralysed.  After  these  observers  came  the  Abb^  Nollet,  Privata 
of  Venice,  Sauvage,  and  Zindult,  a  Swedish  physician,  who  used 
the  jar  in  the  treatment  of  chorea  in  1753.^ 

]\[edical  electricity,  unjustly  abandoned  some  years  after  its  birth, 
had  been  taken  up  again  with  fresh  ardour.  Manduit  was  nomi- 
nated reporter  to  a  commission  by  the  Eoyal  Society  of  Medicine, 
in  order  to  determine  the  actual  worth  of  electricity  in  paralysis. 
Notwithstanding  the  brilliant  report  of  this  learned  physicist,  made 
in  1773,  and  in  which  the  cure  of  paralysis  by  electricity  was 
represented  to  be  the  rule ;  notwithstanding  the  works  of  the  Abb^ 
Bertholon,  in  1779,  of  Cavallo,,  in  1780,  of  James  Larry,  in  1800 ; 
and  notwithstanding  a  great  number  of  treatises  which  were  pub- 
lished upon  the  subject  in  France,  in  England,  in  Grermany,  and 
elsewhere,  electricity  was  unable  to  bear  the  test  of  time.  The 
results  obtained  from  it  were  not  in  accord  with  the  hopes  that 
had  been  entertained  by  some  ardent  minds,  and  there  followed  a 
period  during  which  the  agent  suffered  under  disrepute. 

The  discovery  made  by  Galvani  in  1789,  and,  soon  afterwards, 
the  pile  of  Volta,  afforded  to  medicine  a  new  and  precious  source 
of  electricity ;  of  which  numerous  applications  were  made  in 
practice,  especially  in  Germany,  from  1797  to  1804.  I  shall 
return  to  this  as  a  matter  of  history,  when  treating  of  the  applica- 
tion of  continuous  currents.  But,  this  time  also,  either  that  the 
possibly  exaggerated  predictions  of  experimenters  were  not  generally 
realized  in  practice,  or  that  the  proper  method  of  application  was 
not  known,  or  that  the  instruments  then  in  use  were  insuflScient 
or  irregular  in  their  action,  or  difficult  and  inconvenient  of  use, 
galvanism  was  unable  to  preserve  medical  electricity  from  general 
neglect. 

Such  was  the  state  of  things  existing  in  France,  at  the  time 
when  Sarlandiere  conceived  the  ingenious  idea  of  using  acupunc- 
ture in  order  to  direct  and  limit  the  power  of  electricity  in  the 
deeper  parts  of  the  organism.^  This  method,  which  supplemented 
the  weakness  of  the  instruments  by  increasing  the  physiological 


We  may  even  carry  back  nuedical 
electricity  to  times  still  more  remote ;  for 
that  of  the  torpedo  was  employed  by  the 
ancients,  even  before  Galen,  as  a  remedy 
against  a  certain  number  of  diseases. 
Some  physicians  employ  it  even  at  the 
present  day  in  the  countries  -where  the 


creature  is  found ;  and  I  liave  known  an 
inhabitant  of  Martinique  who  was  cured 
of  facial  hemiplegia  by  the  discharges  of 
the  torpedo. 

'  Sarlandiore,  M^moires  mr  V^lectro- 
puncture.    Paris,  1825. 
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action  of  the  electricity,  without  exposing  the  patients  to  the 
startling  elfects  of  the  Leyden  jar,  soon  superseded  the  older  modes 
of  application,  and  gave  new  life  to  medical  electricity.  Magendie, 
by  his  talent  and  by  the  authority  of  his  name,  powerfully  contri- 
buted to  its  popularity. 

§  II.  Critical  considerations. 

I  shall  next  endeavour  to  show  that  electro-puncture  is  far  from 
the  attainment  of  the  end  that  was  proposed  by  Sarlandiere  and 
Magendie. 

1.  Electro-puncture  does  not  exactly  localize  electricity  in  the  organs. 

I  hope  to  afford  proof  of  the  foregoing  proposition,  by  analyzing 
successively  the  phenomena  of  electro-cutaneous  sensibility,  and 
the  phenomena  of  electro-muscular  contractility  and  sensibility, 
that  are  witnessed  under  the  influence  of  electro-puncture. 

In  thin  patients,  or  in  those  whose  subcutaneous  cellular  tissue 
is  scanty,  needles  thrust  into  the  skin,  in  such  a  manner  as  not  to 
pass  through  the  dermis,  produce,  even  under  the  influence  of  a 
very  feeble  current,  simultaneous  excitation  of  the  skin  and  of  the 
muscles  and  nerves,  if  the  needles  are  placed  over  the  course  of 
muscles  or  nerves.  In  order  that  the  excitation  may  be  confined 
within  the  skin,  it  is  necessary  that  the  cellular  tissue  should  be 
either  plentiful  or  infiltrated  with  serosity,  and  that  the  current 
should  be  extremely  weak. 

Electro-puncture  cannot  produce  muscular  contraction  without, 
at  the  same  time,  exciting  the  sensibility  of  the  skin.  In  order  to 
prevent  this  effect,  M.  Petrequin  has  covered  the  needles  with  a 
layer  of  caoutchouc,  leaving  only  their  extremities  free,  for  an 
extent  of  one  or  two  millimetres,  commencing  a  millimetre  from 
the  point.  But  the  covering  of  caoutchouc,  which  is  not  very 
thick,  speedily  becomes  moistened  and  softened  whe^  the  needle 
is  plunged  into  the  tissues.  It  then  permits  the  passage  of  the 
current;  and  the  skin  is  excited  almost  as  acutely  as  if  the  needle 
were  bare.  Patients  on  whom  I  have  made  comparative  trials 
with  the  insulated  and  with  the  common  needles,  have  been 
unable  to  discover  any  diiTerence  between  them  as  far  as  regards 
their  action  upon  the  skin. 

The  cutaneous  sensation  produced  by  electro-puncture  masks 
the  muscular  sensation  produced  by  the  direct  excitation  of  tlie 
muscle  into  which  the  needle  is  plunged.  It  might  be  supposed 
that  the  two  sensations  are  the  same,  and  that  they  blend  to- 
gether ;  but  this  is  not  the  case,  as  may  be  shown  by  the  following 
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experiments.  In  wounded  persons  I  have  inserted  needles  in 
denuded  portions  of  muscle,  and  also  at  points  where  the  muscles 
were  still  covered  by  unbroken  skin ;  and  I  have  applied  electricity 
in  both  situations.  In  the  former,  I  produced  the  dull  sensation 
proper  to  muscular  excitation  ;  such  as  is  commonly  produced  by 
placing  moist  rheophores  upon  the  healthy  skin.  In  the  latter 
the  sensation  was  very  acute ;  and  resembled  that  which  follows 
electro-cutaneous  excitation,  as  in  faradization  by  metallic  threads 
upon  a  dry  skin. 

We  cannot  produce  at  pleasure,  by  means  of  electro-puncture, 
the  contraction  of  a  muscle  or  of  a  single  fasciculus,  or  of  a  few 
fibres  only.  Indeed,  although  I  have  been  careful  to  place  the 
needles  at  a  distance  from  nerve-trunks,  the  muscular  con- 
tractions observed  in  my  experiments  have  nearly  always  been 
irregular  and  unforeseen ;  sometimes  merely  fibrillar,  and  limited 
to  a  certain  radius  from  the  needle,  at  other  times  involving  an 
entire  muscle,  or  even  several  muscles  at  once.  It  is  evident  that, 
in  these  cases,  the  effects  have  varied  accordingly  as  the  needle 
has  come  into  contact  with  nervous  filaments  proceeding  to  one  or 
to  many  muscles,  or  with  muscular  fibres  alone.  It  follows  that, 
in  muscular  electrization  by  acupuncture,  chance  alone  will  preside 
over  the  phenomena  of  contraction,  and  will  dominate  over  the  will 
of  the  operator. 

Sarlandiere  recommended  that  the  needles  should  be  placed  at 
a  distance  from  nerve-trunks;  and  believed  that  the  therapeutic 
influence  of  electro-puncture  was  greatest  when  exerted  upon  the 
nervous  terminations.  Mageudie  had  the  hardihood  to  practise 
electro-puncture  with  needles  that  traversed  the  nerve-trunks 
themselves.  The  latter  proceeding  may  appear  easy  to  those  who 
possess  some  anatomical  knowledge;  but  it  is  by  no  means  so 
simple  as  may  be  imagined  by  those  who  have  not  tried.  If  it  be 
true,  for  instance,  that  we  may  sometimes  succeed  in  piercing  the 
median,  ulnar,  and  crural  nerves,  we  cannot  in  like  manner  succeed 
with  the  radial,  the  sciatic,  or  the  popliteal.  In  the  face,  we  may 
place  needles  in  the  sub-orbital  and  mental  nerves.  But  who  could 
pretend  to  hit  with  any  certainty  either  the  trunk  or  the  branches 
of  the  portio  dura?  The  method  appears  to  me  to  be  nearly 
always  impracticable.  Moreover,  it  does  not  help  us  to  confine 
the  electric  action  to  the  nerve.  We  cannot  reach  the  latter 
without  piercing  the  skin,  which  is  then  inevitably  excited. 

2.  Electro-puncture  is  insiiffieient  or  inappUcahle  in  anmsthesia  or 
lesions  of  tactile  sensibility. 

I  shall  hereafter  show  that,  as  a  rule,  iu  a:ia3sthesia,  cutaneous 
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faradization  will  recall  sensibility  only  in  tlie  points  wliich  are 
brought  into  contact  Avith.  tlie  rheophores.  It  thence  follows  that, 
in  order  to  obtain  a  cure  by  electro-puncture,  it  would  be  necessary 
to  cover,  with  a  great  number  of  needles,  the  whole  of  the  portion 
of  surface  that  had  lost  its  sensibility.  It  is  manifest  that  such 
an  operation  would  be  impracticable,  especially  if  it  were  to  be 
frequently  repeated.  In  certain  sliglit  cases  the  excitation  pro- 
duced by  a  very  small  number  of  needles  may  be  sufficient  to 
restore  the  sensibility  ;  but  such  cases  are  only  exceptional. 

Electro-puncture  is  not  available  for  the  restoration  of  tactile 
sensibility  to  the  hand  or  to  the  sole  of  the  foot;  because  we 
cannot  insert  needles  into  either  the  nngers  or  the  plantar  integu- 
ment without  danger  of  producing  inflammation  or  whitlow. 

3.  Ekdro-puncture,  applied  to  ihe  treatment  of  paralysis  of  move- 
ment, does  not  appear  to  produce  the  results  that  are  obtained 
hy  localized  electrization. 

Numerous  and  incontestable  instances  of  success  bear  witness  to 
the  therapeutic  power  of  electro-puncture  in  the  treatment  of 
muscular  paralysis ;  and  it  has  done  much  more  than  the  methods 
which  preceded  it.  It  must,  however,  yield  the  palm  to  localized 
faradization,  by  the  aid  of  moist  rlieophores  placed  upon  the  sound 
skin;  a  method  the  importance  of  which  I  shall  shortly  have  to 
establish. 

■  There  are  no  rules  with  regard  to  the  manner  of  applying 
electro-puncture  in  paralysis.  In  what  points  of  the  paralysed 
limbs  should  the  needles  be  inserted?  In  what  number  should 
they  be  employed  ?  What  degree  of  power  should  be  employed  ? 
All  this  is  left  to  the  determination  of  each  operator. 

Some  practitioners,  after  the  example  of  Magendie,  have  en- 
deavoured to  pass  the  needles  into  the  nerve-trunks  which  supply 
the  paralysed  muscles.  But  it  follows,  from  my  investigations, 
that  the  electric  excitation  of  nerve-trunks,  in  the  treatment  of 
paralysis,  produces  results  that  are  but  unsatisfactory.  Moreover, 
if  the  mode  of  excitation  were  excellent,  the  electrization  of 
nerve-trunks  by  puncture  would  almost  always  be  impracticable, 
for  the  reasons  already  stated. 

The  method  generally  adopted  is  to  place,  at  the  superior  and 
inferior  parts  of  the  limb,  needles  that  are  connected  with  the 
poles  of  a  galvanic  or  faradic  instrument.  By  this  method 
the  excitation  is  produced  in  a  most  unequal  manner,  and  afifects 
only  a  small  number  of  muscles.  Those  muscles  that  do  not 
receive  the  stimulus  directly,  commonly  remain  paralysed ;  some 
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of  them  are  excited  by  reflex  action.  The  method  borders  upon 
that  of  electrization  by  reflex  action,  which  forms  the  subject  of 
the  second  part  of  this  chapter. 

In  order  that  excitation  should  be  complete,  in  the  treatment  of 
paralysis  by  electro-puncture,  it  would  be  necessary  that  needles 
should  be  inserted  into  each  of  the  paralysed  muscles.  Moreover, 
as  it  seems  to  me  to  be  demonstrated,  by  numerous  facts,  that  the 
therapeutical  action  is  limited,  in  general,  to  the  points  that  are  in 
contact  with  the  rheophores,  or  at  least  that  it  extends  over  but  a 
small  radius,  it  would  be  necessary  that  the  number  of  needles 
used  to  excite  each  muscle  should  be  proportionate  to  its  bulk  and 
length.  The  operation  would  become  a  torture  to  which  patients 
would  never  submit,  especially  in  paralysis  of  some  extent,  by 
reason  of  the  time  that  would  be  required  and  of  the  inevitable 
suffering  that  would  be  produced. 

On  the  other  hand,  how  simple  and  rapid  is  the  localized  fai'a- 
dization  of  each  one  of  the  paralysed  muscles,  by  means  of  moist 
rheophores  moved  over  the  unbroken  skin.  In  electro-puncture, 
the  needle  traverses  the  thickness  of  the  muscles,  whilst,  in 
localized  faradization,  the  moist  rheophores  act  only  upon  their 
surface.  We  might,  therefore,  suppose  that  the  electro-puncture 
would  possess  more  therapeutic  power  than  localized  faradization. 
Such  an  opinion  would  be  unfounded ;  for  I  have  already  shown 
that,  on  applying  a  moist  rheophore  to  the  surface  of  a  muscle,  the 
electric  excitation  penetrates  the  tissues  the  more  deeply,  the  more 
intense  the  current.  Faradization,  therefore,  by  the  aid  of  moist 
rheophores,  will  penetrate  a  muscle  in  the  direction  of  its  thick- 
ness as  readily  as  by  the  aid  of  needles.  Moreover,  by  moving  the 
rheophores  over  the  whole  surface  of  the  muscle,  the  electricity  is 
distributed  to  every  part  of  it,  which  can  never  be  done  by  electro- 
puncture. 

I  have  seen  many  cases  of  paralysis  undergo  improvement  under 
the  influence  of  localized  faradization  by  moist  rheophores,  in  which 
electro-puncture  had  previously  completely  failed. 

If  electro-puncture  were  as  efficacious  and  as  practicable  as 
muscular  faradization,  the  pain  inseparable  from  the  former  method 
should  lead  us  always  to  prefer  the  latter.  I  shall,  moreover,  show 
hereafter  that  painful  electrization  is  dangerous  in  some  forms  of 
paralysis,  in  those  of  cerebral  origin  for  example.  Electro-puncture 
IS  therefore  contra-indicated  in  such  cases,  and  also  in  all  those 
that  require  numerous  applications.  (We  shall  see  that  the  cure 
of  some  forms  of  paralysis  requires  from  sixty  to  eighty  appli- 
cations.) 

It  is  especially  in  children  that  it  is  desirable  to  practise 
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electrization  without  pain.  How  many  parents,  and  even  how 
many  practitioners,  would  shrink  from  inflicting  upon  young 
paralytics  the  torture  of  electro-puncture,  which  is  always  painful, 
however  feeble  may  be  the  current. 

There  are  yet  other  inconveniences  which  attach  themselves  to 
electro-puncture,  but  which  are  not  to  be  feared  in  connection 
with  the  method  of  localized  electrization  that  I  advise.  I  refer 
to  the  disorganization  of  the  tissues  through  which  the  needles 
pass,  and  of  the  inflammations  and  abscesses  excited  by  them.  I 
need  not  dwell  upon  these  accidents,  which  have  been  recorded  by 
all  the  observers  who  have  practised  electro-puncture. 

Lastly,  electro-puncture  frequently  occasions  severe  and  obstinate 
neuralgia.  The  following  is  an  example.  One  of  the  pupils  of 
Magendie,  A.  Berard,  consented  to  undergo  an  electro-physio- 
logical experiment,  and  allowed  the  professor  to  perform  electro- 
puncture  upon  his  face.  His  complaisance,  or  rather  his  curiosity, 
cost  him  dear  ;  for  the  operation  was  followed  by  a  facial  neuralgia, 
from  which  he  suffered  cruelly  for  iive  or  six  months.  He  became 
one  of  the  most  brilliant  professors  of  the  Ecole  de  Paris,  but, 
unfortunately,  he  was  too  soon  lost  to  science.  My  information 
was  derived  from  his  brother,  the  professor  of  physiology. 

The  foregoing  considerations,  however,  must  not  lead  us  to 
conclude  that  electro-puncture  should  be  altogether  abandoned. 
I  believe,  on  the  contrary,  that  in  certain  cases  it  may  be  a  potent 
auxiliary  to  localized  faradization.^ 

Part  the  Second. 

on  the  value  of  electrization  by  reflex  action,  as 
applied  to  the  treatment  of  paralysis. 

§  I.  Passage  of  induced  currents  from  the  nerve-extremities  to 

the  centres. 

Before  commencing  the  study  of  the  therapeutic  influence  of 
this  method  of  electrization  it  is  important  thoroughly  to  under- 
stand its  physiological  action. 

1 .  Physiological  action. 

A. — Following  the  known  laws  of  the  propagation  of  the  nervous 
fluid  in  the  motor  nerves,  the  motor  action  is  exerted  only  in  the 


*  Electro-puncture  has  been  called  upon 
to  render  great  services  in  surgery  in  the 
treatment  of  hydrocele,  by  promoting  the 
resolution  of  certain  ganglionic  tiunours, 
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direction  of  the  nerve-branches  which  proceed  to  muscles,  and 
never  in  the  contrary  direction.  It  follows  that  electrization^  of 
the  nerve-terminations  of  limbs  will  never  call  into  contraction 
muscles  which  receive  their  nerve-filaments  from  branches  given 
off  above  the  point  excited. 

This  is,  in  fact,  what  occurs  when  we  localize  electric  excitation 
ill  the  terminations  of  nerves,  by  holding  both  the  rheophores  of 
a  galvanic  battery,  or  an  induction  apparatus,  in  one  hand  (with 
the  well  understood  precaution  tliat  the  circuit  shall  not  be  com- 
pleted by  allowing  them  to  come  into  contact).  We  then  experience 
some  contraction  of  the  muscles  of  the  thenar  and  hypothenar 
eminences,  produced  by  direct  excitation  of  the  muscles,  with 
pricking  and  tingling  in  the  fingers,  under  the  influence  of  the 
equally  direct  excitation  of  the  collateral  nerves,  or  of  the  digital 
tissues  ;  the  muscles  of  the  forearm  do  not  enter  into  contraction. 

But  if.  in  place  of  holding  both  rheophores  at  the  same  level  in 
a  single  hand,  one  is  separated  from  the  other,  either  by  placing 
one  in  the  hand  and  the  other  higher  up  on  the  limb,  or  by  holding 
one  in  each  hand,  we  then  see  contraction  of  the  muscles  of  the 
fore-arm  or  arm,  according  to  the  degree  of  intensity  of  the 
current.  The  muscular  contractions  produced  by  this  method  of 
electrization  are  irregular,  and  do  not  correspond  with  the  degree 
of  pain  that  accompanies  them.  The  pain,  indeed,  is  not  confined 
to  the  muscles  in  contraction,  but  extends  to  the  wrists  or  the 
elbows,  or  even  to  the  shoulders  when  the  current  is  intense.  The 
sensation  in  that  case  is  very  painful,  and  leaves  behind  it  an 
aching  of  the  joints. 

In  these  various  experiments  the  excitation  is  always  greatest 
in  the  arm  the  hand  of  which  grasps  the  positive  pole,  so  that  it 
receives  an  ascending  current.  From  these  two  experiments  I 
draw  the  following  conclusions  : — 1.  Electrization  localized  in  the 
•nerve-terminations  of  a  limb  produces  only  local  phenomena  in 
accordance  with  the  functions  of  the  organs  excited  ;  that  is, 
sensations  limited  to  the  part.  2.  In  order  to  produce  con- 
tractions of  muscles  situated  above  the  nerve-terminations,  it 
is  necessary  to  separate  the  rheophores  in  such  a  manner  that 
the  currents  may  traverse  the  limbs,  or  rather  their  nerves,  in 
a  longitudinal  direction  ;  this  is  electrization  hj  reflex  action. 
3.  Lastly,  the  electrization  by  reflex  action  operates  specially 
upon  the  sensibility,  ascends  to  the  posterior  roots  of  the  nerves, 
affects  the  anterior  roots,  and  thus  produces,  in  the  muscles 
dependent  upon  the  nerves  the  terminations  of  which  have  been 
excited,  irregular  contractions  that  are  but  little  in  harmony  with 
the  intensity  of  the  sensations. 
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Whenever  the  moist  rlieophores  of  an  induction  apparatus, 
applied  to  the  skin,  are  a  little  apart  from  one  anotlier,  in  such 
positions  that  the  current  traverses  the  limb  longitudinally,  then 
the  extremities  of  the  limb,  although  they  are  not  in  communi- 
cation with  the  rheophores,  will  exhibit  muscular  contractions 
from  reflex  action.  If,  for  instancie,  we  place  one  rheophore  upon 
the  anterior  surface  of  the  fore-arm,  and  the  other  near  the  spine 
in  the  cervical  region,  we  shall  not  only  see  contraction  of  the 
muscle  situated  in  the  plane  of  the  rheophore,  but  also  of  other 
muscles  of  the  arm  and  fore-arm. 

B.  — Electrization  of  the  nerve-extremities  by  reflex  action  is 
often  practised  by  placing  the  extremities  of  the  patient  in  two 
basins  of  water,  each  of  which  is  connected  with  one  of  the 
rheophores  of  an  induction  instrument. 

It  is  possible  to  apply  faradization  at  once  to  the  upper  and 
lower  limbs,  and  in  a  more  general  manner,  by  placing  both  hands 
in  a  basin  of  water  communicating  with  one  of  the  poles,  and  both 
feet  in  another  basin  communicating  with  the  other.  This  method 
excites  the  nervous  centres,  and  especially  the  spinal  cord,  in  a 
very  general  and  energetic  matter,  even  when  the  current  is  of 
small  intensity.  If  the  intermissions  are  rapid,  all  the  muscles 
of  the  limbs  are  thrown  into  tetanic  contraction,  and  the  accom- 
panying sensation,  which  is  felt  chiefly  in  the  joints,  is  very 
painful.  At  this  degree  of  intensity  this  method  of  electrization 
is  followed  by  severe  lumbago. 

We  may  classify  under  this  kind  of  electrization  the  electric 
bath,  which  may  be  also  called  the  electro-dynamic,  in  order  to 
distinguish  it  from  the  bath  of  static  electricity  given  by  the 
friction  electric  machine.  The  former  consists  of  a  bath,  the 
water  of  which  is  in  contact  with  one  of  the  rheophores  of  an 
induction  instrument,  or  of  a  battery  of  intermittent  current,  while 
the  other  moist  rheophore  is  applied  to  some  part  of  the  body 
that  is  not  immersed ;  commonly  to  the  upper  and  back  part 
of  the  chest. 

By  this  proceeding  also,  the  spinal  cord  is  excited  in  a  general 
manner,  nearly  as  much  as  by  reflex  faradization  of  the  peripheral 
extremities  of  the  nerves,  and  with  the  same  energy. 

C.  —  Electrization  hy  eentrij^etal  or  cenirifvgal  currents  with 
currents  of  induction. — In  electrization  by  reflex  action,  physio- 
logists have  attached  great  importance  to  the  direction  of  the 
currents,  resting  upon  experiments  wliich  show  that  in  certain 
animals  the  direct  (centrifugal)  currents  act  upon  the  motility, 
and  the  inverse  (centripetal)  currents  upon  the  sensibility. 

Induced  currents,  under  ordinary  conditions,  cannot  be  said  to 
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be  either  direct  or  inverse.  In  fact,  eacli  intermission  of  tlie 
induced  cnrrent  (of  the  second  coil)  is  produced  by  two  successive 
currents  travelling  in  contrary  directions.  The  intermissions  pro- 
duced by  all  the  ordinary  rheotomes  described  in  the  sequel  (the 
toothed  wheel  and  the  tremblers)  afford  these  alternations.  But  it 
is  sometimes  desirable  to  avoid  the  alternations,  especially  in 
certain  physiological  experiments,  or  in  therapeutical  applications, 
where  it  is  wished  to  pass  only  a  direct  or  an  inverse  current.  In 
order  to  fulfil  this  indication,  I  had  made,  some  twelve  years  ago. 
an  instrument  which  is  a  modification  of  the  wheel  of  Abria, 
joined  to  a  commutator  of  the  poles.  This  instrument  is  repre- 
sented in  lig.  40. 


Fig.  40.— Distributor  of  tbe  entrance  and  issue  of  induction  carrents,  and  commutator  of  the  poles. 

Like  the  wheel  of  Abria,  it  is  composed  of  two  toothed  wheels, 
A,  B,  the  teeth  being  alternately  of  wood  and  of  brass.  In  the 
figure  the  shaded  teeth  represent  those  of  wood,  and  the  unshaded 
those  of  metal,  mounted  upon  the  same  axis,  but  insulated ;  the 
brass  teeth  of  each  wheel  communicate  with  the  brass  mounts 
8  and  16,  in  which  turns  the  wooden  axle  common  to  both  the 
wheels,  which  move  together  (thus  differing  from  the  instrument 
of  Abria,  in  which  the  wlicels  turn  independently).    The  two 
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wheels  are  so  arranged  that  their  respective  teeth  only  correspond 
by  half  their  surfaces,  so  that  the  two  springs  9  and  15  only  rest 
at  once  upon  the  metallic  parts  of  the  teeth  for  one  half  of  their 
extent. 

Things  being  thus  arranged,  let  us  first  follow  the  course  of  a 
battery  current  tlirough  the  commutator  C  (fig.  40)  and  to  the 
extremities  of  the  wire  of  the  ^Drimary  coil  of  a  double-induction 
volta-electric  apparatus,  represented  by  the  knobs  7  and  11.  The 
two  poles,  n,  of  the  pile  are  brought  to  1  and  2,  knobs  whicli 
communicate  with  each  of  the  isolated  halves,  3  and  4,  of  the 
commutator  C,  so  that  they  can  be  made  to  change  sides  by 
turning  the  button  D  of  the  commutator  from  left  to  right,  or  vice 
versa.  One  of  these  poles — suppose  the  negative — passes  from  3 
and  5  to  6,  a  knob  to  which  is  attached  a  conductor  in  communi- 
cation with  7,  one  of  the  extremities  of  the  wire  of  the  primary 
coil;  the  other,  or  positive  pole,  _p,  goes  from  2  and  4  to  8,  a 
metallic  support  communicating  with  the  metallic  teeth  of  the 
wheel  A.  At  9  is  a  spring  in  contact  with  these  metalhc  teeth, 
and  connected  with  10,  a  knob  to  which  is  attached  a  conductor 
in  communication  with  11,  the  other  extremity  of  the  wire  of 
the  primary  coil. 

In  these  conditions  the  wheel  A  is  only  an  ordinary  rheotome, 
producing  by  each  of  its  teeth,  or  at  each  intermission,  while  a 
rotatory  motion  is  communicated  to  it,  two  currents  in  opposite 
directions,  one  at  the  completion  and  the  other  at  the  interruption 
of  the  circuit,  in  the  wire  of  the  second  coil,  the  extremities  of 
which,  represented  by  12  and  13,  are  connected  by  some  metallic 
or  organic  conductor. 

But  if  one  of  the  extremities  of  this  wire — 13,  for  example, — 
is  conducted  by  a  wire  to  14,  and  so  to  15,  a  spring  resting  on  the 
metallic  teeth  of  the  wheel  B,  which  themselves  communicate 
with  16,  the  support  of  this  wheel,  and  with  the  knob  17,  it  is 
manifest  that  if  the  circuit  of  the  second  coil  is  completed  by  a 
conductor  placed  in  communication  with  the  knob  17,  and  with 
the  knob  12,  which  represent  the  two  extremities  of  the  wire  of 
the  second  coil,  the  organ  placed  in  the  circuit  will  receive  only 
the  current  of  interruption,  when  the  wheel  is  turned  from  left  to 
right,  and  only  the  current  of  completion  when  the  wheel  is 
turned  from  right  to  left.  The  connection  between  the  metallic 
teeth  and  the  wood  of  the  wheels  A  and  B  will  explain  ho>v  an 
organ  placed  in  the  circuit  will  receive  at  pleasure  only  the  one 
current  or  the  other. 

In  fact,  the  circuit  of  the  second  coil  being  completed,  by  the 
contact  of  the  spring  15  with  the  metal  teeth  of  the  wlieel  B,  only 
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at  tlie  moment  wlien,  during  the  revolution  of  the  wheel  from  left 
to  right,  it  breaks  the  inducing  circuit  of  the  primary  coil,  it  is 
only  the  current  of  interruption  that  can  be  transmitted  to  the 
induced  circuit.  It  is  unnecessary  to  say  that  the  contrary  occurs 
when  tlie  wheels  A  and  B  are  turned  in  the  opposite  direction. 

In  order  to  show  the  utility  of  the  rheotome  above  described,  it 
is  suflScient  to  say  that  it  has  enabled  me  to  investigate,  physio- 
logically and  therapeutically — 

1.  The  influence  of  centrifugal  or  centripetal  induced  currents. 

2.  The  comparative  values  and  the  comparative  effects  of  the 
iuduced  currents  of  interruption  and  of  completion. 

3.  The  influence  of  centrifugal  or  centripetal  induced  currents, 
with  reversal  of  the  poles  at  will. 

2.  Therapeutic  action  in  the  treatment  of  paralysis. 

It  is  sometimes  desirable  to  stimulate  the  nervous  centres.  In 
such  cases  we  commonly  have  recourse  to  the  various  medicines 
which  possess  a  special  property  of  producing  muscular  con- 
tractions by  their  influence  upon  the  nervous  system.  Electriza- 
tion of  the  nerve-extremities  by  reflex  action  operates  in  an 
analogous  manner.  I  have  therei'ore  applied  it  to  the  treatment 
of  certain  cases  of  paralysis  in  which  I  was  able,  without  danger, 
to  extend  the  stimulation  to  the  nervous  centres. 

I  have  not  always  been  able  to  congratulate  myself  upon  the 
results  obtained  by  this  method.  The  paralytics  that  I  have 
faradized  by  its  means  have,  it  is  true,  in  some  cases  received 
benefit ;  but,  consecutively  to  the  treatment,  some  of  them  have 
experienced  deep-seated  pains  in  the  course  of  the  nerves  the 
extremities  of  which  had  been  excited,  pains  that  have  frequently 
been  persistent,  and  have  assumed  the  character  of  neuralgia. 
The  energetic  excitation  of  numerous  nerve-branches,  specially 
subservient  to  sensibility,  explains  the  frequency  of  these  accidents. 

Under  certain  circumstances,  faradization  by  reflex  action  has 
exposed  the  patients  to  consequences  of  the  most  serious  character. 
The  following  case  is  an  example : — 

Case  IV.— A  medical  student,  M.  X.,  ast.  22,  had  been  struck  by  apoplexy  in 
1B51.  The  hemiplegia,  wMch  affected  the  left  side,  and  which  was  due  to 
cerebral  hemorrhage,  had  gradually  disappeared  in  the  course  of  a  year. 
But  the  voluntary  movements  were  impeded  by  the  continued  contraction 
of  certain  muscles,  especially  the  flexors  of  the  fore-arm  and  of  the  hand, 
a  contraction  wliich  extended  to  a  greater  number  when  he  wished  to  per- 
form certain  movements,  or  wlaen  he  experienced  any  impression  whatever. 
Such  phenomena  are  not  symptomatic  only  of  a  sclerosis  of  the  spinal  cord, 
as  seems  to  be  established  by  modern  research;  but  thoy  may  indicate  a 
condition  of  hyperemia  which  it  is  necessary  not  to  over-excite,  on  pain  of 
producing  the  most  serious  accidents.    Ignorant  of  this  danger,  the  student, 
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■who  had  imperfectly  understood  one  of  my  publications,  thought  it  possible 
to  apply  without  risk,  in  all  cases,  faradization  to  the  treatment  of  cere- 
bral hemiplegia,  in  six  months  or  a  year  after  the  absorption  of  the  hasmor- 
rhage.  The  young  man  had  not  understood  the  difference  between  an  electric 
excitation  limited  to  tlie  muscles,  and  a  method  that  calls  them  into  con- 
traction by  a  powerful  electrization  by  reflex  action.  M'e  shall  see  the  result 
of  his  hope  to  hasten  his  recovery. 

'Having  put  in  action  an  induction  coil,  with  intermittences  (by  a  trembler) 
of  great  rapidity,  he  took  one  of  the  mctaUic  cylinders  in  each  hand,  so 
that  the  current  passed  through  his  bracliial  nerves  from  end  to  end.  At 
the  moment  when  it  began  to  pass,  his  hands  closed  with  gi-eat  force,  and 
he  was  unable  to  relinquish  the  cylinders.  Feeling  then  that  his  paralysed 
limb  was  contracting  very  painfully,  he  had  presence  of  mind  to  overturn 
the  Bunsen's  pile  with  his  foot.  The  current  was  stopped  instantly,  but  it 
was  too  late.  Its  action,  although  contim;ed  only  for  a  few  seconds,  had 
already  occasioned  serious  injury.  The  head  was  extremely  painful,  the 
contraction  extended  to  the  whole  side,  and  the  poor  fellow,  who  was  alone 
in  his  room,  was  found  an  hour  later  in  convulsions  upon  the  floor.  He 
Avas  removed  to  La  Charite,  under  M.  Piorry ;  and  there  I  heard  from 
himself  the  history  I  have  related.  His  life  was  for  many  days  in  danger ; 
and,  notwithstandang  repeated  depletion,'  purgatives,  and  a  blister  to  the 
nucha,  painful  and  tetanoid  contractions  persisted  for  many  weeks.  At  last, 
after  a  long  sojourn  in  the  hospital,  he  was  able  to  leave ;  stiU  suffering 
from  contractions  of  the  right  side,  much  more  general  and  much  more 
severe  than  before  he  conceived  the  unfortunate  notion  of  curing  himself 
by  reflex  electrization. 

If,  in  this  case,  the  electric  excitation  had  been  limited  to  the 
paralysed  muscles,  notwithstanding  the  peculiar  cerebral  condition, 
and  the  hypersemia  which  may  exist  at  the  point  where  a 
secondary  sclerosis  of  the  cord  has  been  developed, — conditions 
which,  in  my  judgment,  would  contra-indicate  even  localized 
faradization, — these  grave  accidents,  evidently  due  to  over-stimula- 
tion of  the  centre,  would  not  have  taken  place.  I  have  learnt 
thus  much  by  long  experience ;  for  I  have  many  times  faradized 
locally  the  muscles  of  patients  who  were  in  the  same  state  as  this 
young  man,  and  without  producing  any  inconvenience.  I  have 
come  to  the  conclusion  that  localized  applications  are  in  such 
cases  simply  useless,  but  not  dangerous  when  made  with  circum- 
spection. At  the  commencement  of  my  researches  I  often 
faradized  by  reflex  action  the  antagonists  to  the  contracted 
muscles  of  hemiplegic  patients,  and  I  sometimes  had  occasion 
to  repent  doing  it,  so  that  it  is  necessaiy.to  be  cautious  in  the 
employment  of  a  method  that  has  proved  to  be  so  dangerous. 

Electro-dynamic  baths,  given  in  a  dose  so  feeble  as  not  to 
provoke  muscular  contraction,  produce  an  excitation  that  increases 
muscular  force  in  certain  forms  of  general  paralysis.  I  have 
often  employed  such  baths  with  success. 

The  mode  of  application  already  referred  to  I  think  preferable, 
on  account  of  its  simplicity,  to  other  and  more  complicated 
methods. 
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§  11.— Excitation  by  reflex  action  in  passing  induced 
currents  from  the  mouth  to  the  anus. 

I.  Fliijsiological  action. 

The  already  described  methods  of  faradization  by  reflex  action 
do  not  strongly  excite  the  spinal  cord,  excepting  at  the  points  of 
origin  of  the  brachial  and  lumbo-sacral  plexuses.  There  is  yet 
another  procedure  which  produces  a  more  general  reflex  excita- 
tion of  the  cord.  I  refer  to  the  method  by  placing  one  rheophore 
of  an  induction  apparatus  in  the  mouth,  and  the  other  in  the 
anus;  the  already  mentioned  mode  of  application  of  Leroy 
(d'EtioUes).  The  following  is  a  brief  account  of  the  experiments 
by  which  I  have  studied  the  pliysiological  action  that  it  thus 
produces :  — 

Experiment  1. — I  have  already  stated  that  in  1853,  I  repeated,  upon  a 
horse,  the  experiment  of  Leroy  with  an  induced  current.  The  current  was 
feeble ;  but  strong  enough  for  its  reflex  action  to  produce  general  tetanoid 
contractions  in  the  Limbs  and  trunk,  during  which  the  respiratory  move- 
ments and  the  action  of  the  heart  were  not  suspended.  2.  I  repeated 
analogous  experiments  upon  rabbits ;  and  many  were  made,  in  my  presence, 
in  the  laboratory  of  my  friend  M.  Liegois.  "With  an  excessively  feeble  cur- 
rent there  was  no  appreciable  result  beyond  a  slight  contraction  of  the 
tongue  and  of  the  muscles  of  the  face.  The  force  of  the  extra  current  of 
my  instrument,  which  had  been  originally  at  its  minimum,  and  not  only 
80,  but  had  been  passed  through  a  stratum  of  water  in  the  moderator  to 
be  hereafter  described,  was  then  progressively  increased  until  it  produced 
tetanoid  contractions  of  the  muscles  of  the  trunk  and  limbs.  Neither  the 
respiration  nor  the  heart's  pulsation  were  arrested,  but  they  were  suspended 
during  one  or  two  seconds.  The  experiment,  repeated  twice  upon  the  same 
rabbit,  and  for  from  twenty  to  thirty  seconds  each  time,  gave  always  the 
same  results.  But,  when  the  strength  of  the  current  was  so  much  increased 
as  to  tetanize  and  render  immovable  the  walls  of  the  thorax,  a  needle  thi-ust 
into  the  heart  also  ceased  to  oscillate. 

We  see,  therefore,  that  when  the  rheophores  are  placed  as 
described,  a  feeble  induced  current  of  rapid  intermission  can 
produce  tetanic  convulsions  of  the  limbs  and  trunk,  evidently  by 
reflex  action  of  the  whole  cord,  without  arresting  either  the  cir- 
culation or  the  breathing. 

Another  fact  not  less  important  follows  from  these  experiments, 
namely,  that  this  mode  of  faradization  produces  a  comparatively 
feeble  reflex  excitation  of  the  medulla  oblongata.  Notwith- 
standing the  general  tetanic  convulsions  that  are  produced,  the 
respiration  and  the  heart's  action,  although  suspended  for  one  or 
two  seconds,  have  continued  during  the  twenty  or  thirty  seconds 
during  which  tlie  experiment  lasted  ;  and  it  was  only  to  be  noticed 
that  these  movements  were  increased  in  rapidity. 

Every  experimenter  knows  how  feeble  a  current,  applied  to  the 
exposed  pueumogastric,  will  arrest  the  heart  and  the  respiration; 
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and  knows  also  tliat  the  most  feeble  faradization  of  the  superior 
laryngeal  suspends  respiration  instantly.  Should  he,  thei-efore, 
doubt  that  the  medulla  has  been  really  excited  in  the  experiments 
during  which  a  current  of  the  same  degree  of  force  has  been 
passed  from  the  mouth  to  the  anus,  without  producing  great 
disturbance  of  the  respiration  ? 

It  is  necessary,  as  we  have  seen,  that  the  current  should  attain 
a  very  high  degree  of  tension,  in  order  that  the  respiration  should 
be  completely  stopped,  or  that  the  heart  should  cease  to  beat. 

It  is  not  even  shown  that,  under  these  circumstances,  the 
arrest  of  the  respiration  and  of  the  heart  is  due  to  excitation  of 
the  medulla  oblongata.  Indeed,  the  tetanic  contraction  was  not 
at  its  maximum,  so  that  the  inspiratory  muscles,  principally  the 
diaphragm  and  the  intercostals,  which  were  only  in  a  certain  degree 
of  rigidity,  were  able,  under  the  influence  of  a  great  inspiratory 
effort,  to  contract  yet  more,  and  to  produce  movement.  In  the 
second  experiment  it  is  manifest  that  the  maximum  tetanic  state 
of  the  same  inspiratory  muscles  would  be  necessarily  opposed 
to  any  respiratory  movement  of  the  thorax;  by  which  may  be  ! 
explained  the  rapid  death  which  befel  the  animals  thus  treated. 
The  arrest,  observed  in  the  last  experiments,  of  the  oscillations  of  '  ! 
a  needle  thrust  into  the  heart,  does  not  prove  that  that  organ  had 
then  ceased  to  beat;  because  the  oscillations  may  have  been 
stopped  by  the  extreme  rigidity  of  the  intercostal  muscles  traversed 
by  the  needle,  while  in  the  former  experiments  these  muscles 
were  not  sufficiently  rigid  to  stop  them.  The  correctness  of  this 
explanation  is  shown  by  tlie  fact  that,  when  the  muscles  relaxed 
on  the  suspension  of  the  faradization,  although  the  rabbit  had 
ceased  to  live,  small  oscillations  of  the  needle  again  gave  evidence 
of  contraction  of  the  heart. 

The  facts  and  considerations  that  I  have  advanced  show,  there- 
fore, that  the  mode  of  general  faradization  under  discussion  does 
not  powerfully  excite  the  medulla  oblongata,  and  this  is  all  that  I 
endeavour  to  establish. 

I  do  not  maintain  that  the  procedure  exerts  no  infliience  upon 
the  medulla  oblongata.  I  do  not  think,  indeed,  that  in  these  experi- 
ments, when  one  of  the  rheopiiores  is  placed  in  a  region  (the 
mouth)  deriving  its  nerves  from  the  medulla  oblongata,  and  from  i 
a  part  of  the  pons  Varolii,  that  these  points  of  the  nervous  cen- 
tres can  possibly  altogetiier  escape  excitation.  Certain  facts 
show,  indee4,  that  there  is  a  real  reflex  action  of  the  medulla. 

Thus,  when  the  faradization  has  been  moderate,  we  have  seen 
that  the  cardiac  and  respiratory  movements  have  been  increased 
in  frequency.    Lastly,  wo  may  see  that,  in  asphyxia,  this  mode  of 
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faradization  of  tlie  cord  by  reflex  action  has  power  to  re-excite 
respiration  that  has  been  suspended  for  some  minutes ;  and  that 
it  will  also  re-establish  and  develop  the  contractions  of  the  heart, 
when  they  are  only  appreciable  by  the  feeble  and  very  slow  oscil- 
lations of  a  long  needle  thrust  into  the  organ,  although  the 
current  employed  has  been  very  feeble,  and  insufficient  to  produce 
reflex  contractions  in  the  limbs. 

II.  Thera])eidic  action. 

Faradization  by  reflex  action  of  the  spinal  cord,  and  of  the 
medulla  oblongata  is  indicated  in  asphyxia ;  and  experimentalists 
liave  thought  that  the  best  method  of  using  it  for  this  condition 
is  by  placing  one  of  the  rheophores  in  the  mouth,  and  the  other  in 
the  anus. 

A.  — History.  This  method  of  general  electrization  by  reflex 
action  was,  as  I  have  already  stated,  advised  in  1825  by  Leroy 
(d'Etiolles),  who  used  the  galvanic  current  in  cases  of.  asphyxia. 
It  was  again  brought  into  notice,  for  the  same  purpose,  by 
MM.  Legros  and  Onimus,  with  the  difference  that  they  employed 
a  battery  of  constant  current,  while  Leroy  had  only  the  inconstant 
battery  of  Wollaston. 

B.  — Mij  own  first  exiperiments.  In  1854, 1  made  my  first  experi- 
ments upon  the  horse,  with  regard  to  the  therapeutic  action  of 
Leroy's  method,  modified  by  the  substitution  of  the  induced  for  the 
galvanic  current. 

An  analysis  of  the  physiological  effects  of  this  kind  of  faradiza- 
tion soon  assured  me,  that  it  was  the  most  certain  method  to 
excite  the  general  reflex  action  of  the  cord ;  that  the  reflex  con- 
tractions produced  were  very  energetic;  that  with  rapid  inter- 
missions they  became  tetaniform ;  and  that  with  a  very  intense 
current,  they  might  rapidly  produce  asphyxia  by  contraction  of 
the  muscles  of  the  trunk,  so  that  the  method  could  not  be  used 
in  any  strong  dose  without  danger. 

But,  as  I  found  that  in  weak  doses  it  neither  arrested  the 
respiration  nor  the  circulation,  although  it  still  produced  reflex 
contractions  of  the  limbs,  I  did  not  hesitate  to  apply  it  imme- 
diately to  the  human  subject.  It  will  be  remembered  that  I 
experimented  upon  the  hysterical  patient  whose  case  lias  been 
already  mentioned.  I  repeated,  under  analogous  circumstances, 
the  same  experiment  upon  otliers ;  and  I  proceed  to  describe  what 
were  the  principal  phenomena  that  I  observed. 

Having  commenced  with  a  current  of  slight  intensity,  or  too 
weak  to  produce  reflex  contractions  in  the  limbs,  the  patients 
complained  of  no  sensations,  but  such  as  were  occasioned  by  a 
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slifjlit  contraction  of  the  tongue,  of  the  sphincter  and  levator  aiii, 
and  by  phosphenes ;  while  the  pulse  and  the  respiration  were  a 
little  increased  in  frequency.  The  procedure  was  perfectly  well 
borne,  as  the  current  was  not  sufficiently  intense  to  produce  reflex 
contractions  in  the  limbs.  But,  having  in  this  way  obtained  no 
result,  as  against  the  maladies  that  were  to  be  overcome,  I  gra- 
dually increased  the  intensity  until  reflex  contractions  were 
obtained ;  taking  care,  in  order  to  avoid  all  danger,  to  diminish 
the  speed  of  the  intermissions  to  one  or  two  in  the  second.  The 
patients  then  experienced  painful  shocks,  chiefly  in  the  legs, — 
pains  which  were  followed,  after  the  passage  of  the  current,  by 
a  feeling  of  general  lameness.  In  one  patient,  who  suffered  from 
complete  anaesthesia  and  analgesia,  I  was  able  to  produce,  in  con- 
sequence, during  fifteen  or  twenty  seconds,  and  with  a  weak 
current  of  very  rapid  intermission,  general  reflex  tetanic  contrac- 
tions. The  heart  did  not  cease  to  beat,  nor  the  respirations  to  be 
made ;  but  the  patient  remained  for  some  time  dazzled  by  the 
phosphenes  that  were  produced  during  the  passage  of  the  current. 

From  these  experiments  I  concluded — 1,  that  the  method  of 
faradization  by  reflex  spinal  action  might  be  applied  in  piractice 
to  the  human  subject  without  any  danger,  and  that  it  is  perfectly 
borne  so  long  as  the  current  is  not  sufficiently  intense  to  produce 
contraction  of  the  limbs;  2,  that  it  does  not,  indeed,  produce 
arrest  of  the  respiration,  even  when  it  produces  tetaniform  reflex 
contractions,  unless  these  are  too  strong;  but  that  it  is  difficult 
to  say  at  what  point  the  limits  of  safety  would  be  exceeded ;  and 
that,  3,  in  certain  dynamic  or  morbid  conditions,  the  slightest 
tetaniform  contractions  might  expose  the  patient  to  danger. 
For  such  reasons,  founded  upon  experiments  dating  from  1854, 1 
have  been  very  circumspect  in  the  use  of  general  faradization, 
and  have  discountenanced  it  when  practised  in  a  degree  of  in- 
tensity to  produce  reflex  contractions,  or  with  very  rapid  inter- 
missions. 

C. — More  recent  experiments  on  the  application  of  this  method  to 
the  treatment  of  asphyxia,  as  compared  xvith  induced,  and  with 
constant  continuous  currents.  General  faradization  by  this  method 
may  succeed  in  the  cure  of  asphyxia,  without  there  being  occasion 
to  increase  the  intensity  of  the  current  so  as  to  produce  reflex 
contraction. 

This  important  fact  was  brought  to  light  by  M.  Liegeois,  in  a 
very  able  report  read  by  him  before  the  Imperial  Surgical  Society 
on  the  17th  March,  1869,  in  the  name  of  a  commission  composed 
of  M.  Paul  Broca  and  himself,  upon  a  paper  addressed  to  the 
Society  by  MM.  Legros  and  Onimu.s,  on  the  lOtli  of  December, 
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18G8,  on  tlie  use  of  continuous  electric  currents  in  cases  of 
syncope,  and  in  accidents  caused  by  chloroform. 

The  authors  (of  tlie  original  paper)  had  said,  "  We  will  not  pass 
in  revieAY  the  other  means  (other  than  the  continuous  current), 
that  have  been  employed  in  the  treatment  of  chloroform  acci- 
dents. All,  perhaps,  with  the  exception  of  artificial  respiration, 
have  been  useless  ;  and  we  assert  that  the  inierruiM  or  induction 
currents,  wliicli  have  been  extolled,  cannot  he  condemned  too  stronghj. 
The  lest  means  of  completely  arresting  the  action  of  the  heart,  when 
n-eakened  hij  an  anesthetic,  is  to  pass  over  it  an  induced  current. 
We  ought,  therefore,  to  dread  the  use  of  an  induction  apparatus, 
which  will  determine  the  very  result  that  it  is  desired  to  avoid." 

After  having  described  the  experiments  conducted  by  MM. 
Legros  and  Onimus  in  the  presence  of  the  commission,  the 
reporter  (M.  Liegeois)  has  arrived  at  the  conclusion  that,  notwith- 
standing the  interest  attaching  to  these  experiments,  the  commis- 
sion is  bound  to  observe,  that  they  do  not  exactly  correspond  to 
the  title  of  the  paper ;  and  that  they  are  only  strictly  applicable, 
in  man,  to  asphyxia  from  chloroform, — an  accident  which,  in  his 
view,  is  less  frequently  fatal,  and  is  more  amenable  to  treatment, 
than  chloroform  syncope.  Limited  in  its  application  to  chloro- 
form asphyxia,  galvanization,  as  practised  by  MM.  Legros  and 
Onimus,  is  certainly  of  incontestable  efficacy.  But  M.  Liegeois 
has  also  reported  another  experiment  tried  before  the  commission, 
which  demonstrates,  that  the  induced  current,  applied  in  an 
equivalent  dose  and  by  the  same  method,  that  of  Leroy  (d'Etiolles), 
restores  from  chloroform  asphyxia  as  certainly  as  the  continuous 
current.  "Upon  our  request,"  he  writes,  "to  MM.  Legros  and 
Ouimus,  that  they  would  test  the  influence  of  an  induced  current 
in  our  presence,  a  rat  was  chloroformed  under  the  same  bell-glass 
and  in  the  same  manner  as  the  former  ones.  It  was  withdrawn 
when  the  respiration,  the  sensibility,  and  the  general  movements 
had  completely  ceased,  although  the  action  of  tlie  heart  still 
continued.  They  then  passed  the  current  of  a  Dubois-Kaymond 
apparatus  from  the  mouth  to  the  anus ;  but  in  order  to  approach 
as  nearly  as  possible,  with  our  apparatus,  to  the  slight  intensity  of 
the  continuous  current,  we  requested  tlie  operator  to  employ  the 
most  feeble  that  the  instrument  would  yield.  The  current  was 
allowed  to  pass  for  a  few  seconds  only,  and,  almost  immediately 
on  its  interruption,  the  respiratory  movements  retuiued,  the 
beats  of  the  heart  increased,  then  the  sensibility  and  the  voluntary 
movements  were  gradually  restored :  the  animal  was  saved." 

M.  Liegeois  has  repeated  this  experiment  upon  a  large  immbcr 
of  rabbits.    M.  Duchenne,  jun.,  and  myself  have  repeated  it  both 
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ill  tlie  laboratory  of  M.  Liegpois  and  in  my  own,  with  somcwlial 
more  precision,  by  making  the  induced  current  pass  througli  the 
water  moderator,  to  be  described  hereafter.  We  have  also  experi- 
mented comparatively,  with  the  ascending  and  descending  con- 
tinuous current,  in  asphyxia  by  strangulation  and  in  asphyxia 
from  chloroform. 

The  therapeiitical  results,  in  all  these  experiments,  have  been 
precisely  the  same ;  and  they  fully  justify  the  following  conclu- 
sions in  the  report  of  M.  Liogeois : — 

"  After  the  experiments  that  have  been  related,"  he  says,  "  it 
will  be  understood  that  it  is  impossible  for  us  to  assign  to  con- 
tinuous currents,  for  asphyxia  produced  either  by  chloroform  or  by 
strangulation,  a  superiority  of  action  over  intermittent  currents. 
In  placing  them  on  the  same  level,  we  believe  that  we  shall  state 
the  truth." 

In  their  practical  aspect,  the  conclusions  of  M.  Liegeois  are  not 
less  important.  "  If,"  he  says,  "  we  leave  the  laboratory  for  the 
region  of  practice,  we  cannot  refrain  from  assigning  to  induced 
currents  the  pre-eminence.  In  fact,  in  the  first  place,  it  is  diffi- 
cult to  have  the  command  of  an  apparatus  like  that  of  Remak 
(specially  recommended  by  MM.  Legros  and  Onimus  for  the 
application  of  continuous  cui-rents  in  asphyxia),  composed  of 
twenty,  thirty,  or  forty  of  Daniell's  elements,  while  it  is  very  easy 
to  obtain  an  induction  instrument  that  is  simple  of  management, 
of  small  bulk,  and  that  may  be  carried  by  the  surgeon  wherever 
he  goes." 

"  Moreover,"  continues  M.  Liegeois,  "  by  the  confession  even  of 
MM.  Legros  and  Onimus,  the  continuous  currents  only  restore  the 
heart's  action  when  applied  to  the  cerebro-spinal  axis.  It  is  in 
vain,  they  said  at  our  meeting,  to  apply  them  to  the  heart 
directly,  to  the  diaphragm,  or  to  the  phrenic  nerves;  when  thus 
employed,  they  never  restore  animals  to  life.  But,  in  man,  the 
efficacy  of  induced  currents  applied  to  these  various  organs  has 
already  received  confirmation  from  experience." 

Upon  the  last  point  again,  I  am  entirely  in  accord  with  M. 
Liegeois ;  and,  whenever  I  have  been  called  to  the  aid  of  a  person 
asphyxiated,  or  menaced  by  arrest  of  the  heart's  action  or  of  the 
respiration  by  some  grave  disorder  of  innervation,  I  have  always 
chosen  to  arm  myself  with  an  induction  aj)paratus,  not  only 
because  it  is  more  portable,  but  also  because,  under  such  circum- 
stances, it  is  capable  of  fulfilling  many  important  indications 
which  cannot  be  fulfilled  by  galvanization  with  continuous 
currents ;  principally  in  the  maintenance  of  artificial  respiration 
by  faradization  of  the  phrenic  nerve  (very  preferable,  in  certain 
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cases,  as  I  shall  shew  hereafter,  to  either  faradization,  or  galvani- 
zation by  the  method  of  Leroy  (d'Etiolles) ;  and  in  the  applica- 
tion of  cutaneous  faradization  as  a  stimulant  of  the  respiration 
and  of  the  cardiac  functions  by  reflex  action,  in  the  treatment  of 
asphyxia  or  of  syncope.  I  shall  have  to  treat  hereafter  of  this 
last  method  of  reflex  stimulation  of  the  cord. 

It  is  not  well,  however,  to  be  exclusive  ;  and  in  circumstances 
where  danger  is  urgent  and  has  been  unforeseen,  the  practitioner 
who  is  hastily  called  to  a  case  of  asphyxia  or  of  syncope  should 
know  how  to  avail  himself  of  any  means  that  comes  to  his  hand, 
of  any  battery  or  induction  apparatus  whatever.  Let  us  see,  then, 
how  the  surgeon  should  in  such  cases  act ;  and  how  I  have  many 
times  been  called  upon  to  act  myself. 

I.  If  we  have  command  of  an  induction  apparatus,  whether 
graduated  or  not,  and  of  whatever  power,  its  current  may  be 
diminished  and  controlled  in  the  following  manner : — The  water 
moderator,  which  I  habitually  place  in  the  circuit  when  I  wish  to 
reduce  the  tension  to  a  degree  infinitely  small,  may  be  replaced 
by  a  wetted  baud  of  any  hind  of  linen  or  cotton  cloth,  made  from 
pocket-handkerchiefs,  sheets,  &c.,  and  from  one  to  several  yards 
in  length,  according  to  the  power  of  the  apparatus.  This  band 
should  be  laid  out  on  a  table,  and  one  of  its  extremities  should  be 
connected  with  one  of  the  electrodes  of  the  instrument,  the  other 
with  the  conductor  to  the  rheopliore  that  is  put  into  the  mouth  of 
the  patient;  the  second  rheophore,  which  is  introduced  into  the 
anus,  communicating  by  its  conductor  with  the  other  electrode. 
Under  such  conditions,  the  tension  of  the  current  will  be  reduced 
to  extreme  weakness.  Then,  in  order  to  obtain  the  necessary 
power,  the  length  of  the  moist  band  must  be  gradually  diminished 
by  placing  the  conductor  of  the  rheophore  nearer  and  nearer  to 
the  electrode,  until,  using  intermissions  about  one  second  apart, 
the  commencement  of  reflex  muscular  contraction  of  the  limbs  is 
observed.  It  is  necessary  to  operate  with  a  degree  of  tension  just 
below  this,  too  weak  to  produce  muscular  contraction,  and  by 
passing  from  the  anus  to  the  mouth  a  current  of  rapid  intermis- 
sions, until  the  respiration  and  the  heart's  action  are  re-established. 

In  case  the  surgeon  has  at  his  disposal  a  constant  battery, 
combining  all  tlie  desirable  conditions  (such,  for  example,  as  the 
large  battery  of  Siemens,  or  the  new  small  portable  battery  of 
Gaiffe,  already  described,  but  which  are  only  to  be  found  in  the 
hands  of  a  limited  number  of  persons),  a  continuous  current 
should  be  passed  between  the  mouth  and  the  rectum,  without 
heed  to  its  direction,  which,  according  to  my  own  experiments, 
has  no  influence  upon  the  therapeutic  result. 
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If,  in  the  place  to  which  one  may  be  called  to  an  asphyxiated 
person,  the  only  battery  to  be  found  is  composed. of  too  small  a 
number  of  elements  i'ov  the  useful  application  of  a  constant 
current,  such  as  the  battery  of  a  telegraph  station,  or  if  there 
should  be  only  a  battery  of  inconstant  current,  such  as  that  of 
Wollaston,  recommended  by  Leroy  (d'Etiolles),  it  is  necessary  to 
pass  a  current  of  rapid  intermissions  between  the  mouth  and  the 
anus,  without  going  so  far  as  to  produce  reflex  contraction.  This 
may  be  done  with  as  much  prospect  of  success  as  will  attend  the 
use  of  the  continuous  current  of  a  constant  battery,  composed  of  a 
large  number  of  elements.^ 

§  III. — Excitation  of  the  innekvation  of  the  heart  and 

EESPIKATORY  ORGANS  BY  MEANS  OF  CUTANEOUS  FARADIZATION 
OF  THE  PRECORDIAL  REGION. 

A  long  clinical  experience  has  taught  me  that  excitation  of  the 
sensibility  of  the  skin  of  the  thorax,  and  especially  of  the  pre- 
cordial region,  is  one  of  the  best  means  of  treating  aspliyxia,  or 
certain  grave  disorders  of  the  innervation  of  the  heart  or  respi- 
ratory organs,  by  reflex  action.  The  correctness  of  this  assertion 
will  be  shown  by  the  rela,tion  of  the  most  important  clinical  facts 
that  I  have  collected. 

I. — Treatment  of  Asphyxia. 

Artificial  respiration  by  means  of  faradization  of  the  phrenic 
nerves  is  the  mode  of  electric  excitation  that  I  generally  prefer  in 
the  treatment  of  asphyxia;  but  in  hands  that  are  unskilful,  or 
little  accustomed  to  the  operation,  it  is  not  free  from  danger  to 
the  patient.  Under  such  circumstances  I  advise,  as-  the  more 
simple  method,  cutaneous  faradization  of  the  precordial  region, 


''  I  cannot  leave  this  part  of  the  sub- 
ject without  recalling  another  method  of 
galvanization  suggested,  in  1824,  by 
Leroy  (d'Etiolles),  lauded  by  hini  in  the 
treatment  of  asphyxia,  and  long  employed 
in  practice : — 

"  When  the  battery,"  he  says,  "  is 
ready,  the  operator  takes  two  fine  pins 
prepared  for  the  purpose,  only  six  or  seven 
millimetres  in  length,  and  terminated  by 
discs  which  are  sui'mounted  by  hooks  or 
rings.  These  pins  are  intended  to  con- 
vey the  galvanic  iluid  beneath  the  skin, 
across  the  fibres  of  the  chief  re-spiratory 
muscle.  The  pins  are  thrust  into  the 
sides  of  the  patient  ujj  to  their  discs, 
between  tlio  seventh  and  eighth  rib. 
One  of  the  conductors  is  then  attached  to 
one  of  the  pins ;  and  the  operator,  hold- 
ing the  otlicr  conductor,  toadies  with  it, 


every  two  seconds,  the  head  of  the  second 
pin  on  the  opposite  side  of  the  chest.  If 
no  proper  pins  are  at  hand,  a  puncture 
may  be  made,  which  should  not  exceed 
the  thickness  of  the  slun,  with  a  lancet, 
a  penlaiife,  or  the  points  of  scissors,  and 
through  this  puncture  the  galvanic  fluid 
will  make  its  way.  The  punctures  should 
be  made  in  the  situation  already  men- 
tioned, between  the  seventh  and  eiglith 
rib,  on  opposite  sides  of  the  chest,  in  the 
course  of  a  line  proceeding  from  the  pit  of 
the  stomach  to  make  the  ciroiit  of  the 
body.  The  ends  of  the  conducting  wires 
should  be  made  to  touch  the  wounds,  one 
of  them  in  an  intermittent  manner,  as 
described  for  tlie  pins." — Insirnclioiis  sur 
I'aiiphyxie  (in  Journal  de  la  Socitfl^  dcs 
Nauf rages,  t.  iv.  1840). 


ELECTRIZATION  BY  HE  FLEX  ACTION. 


136 


coiKluctecl  according  to  the  principles  that  I  have  laid  down  in 
treating  of  this  method  of  faradization. 

There  are  also  circumstances  in  which  electro-cutaneous  excita- 
tion ought  to  be  employed  concurrently  with  faradization  of  the 
diaphragm.  The  latter  is  esj)ecially  indicated  in  cases  where  it 
is  urgent  to  compel  the  mechanical  entrance  of  air  into  the  lungs ; 
the  former  is  useful,  or  even  necessary,  when,  after  we  have  re- 
established the  respiration  and  the  cardiac  circulation,  and  have 
dissipated  the  cyanosis,  the  patient  threatens  to  fall  into  a  state  of 
coma,  symptomatic  of  cerebral  ischaemia,  due  to  the  poisoning 
of  the  blood  either  by  carbonic  oxide,  or  by  the  accumulated 
carbonic  acid  if  the  state  of  partial  asphyxia  has  been  of  long 
duration.  Then  electro-cutaneous  excitation,  especially  if  applied 
to  a  certain  zone  of  the  precordial  region,  reacts  upon  those  points 
of  the  nervous  centres  which  govern  the  innervation  of  the  breath- 
iuo-  and  of  the  heart's  action. 

The  therapeutic  value  of  this  method,  in  the  treatment  of 
this  kind  of  asphyxia,  is  placed  beyond  doubt  by  the  following 
history : — 

Case  V. — Asphyxia  hy  carhonic  oxide ;  absence  of  respiration  ;  heart's  action 
very  feeble,  and  only  discoverable  by  auscultation ;  cure  by  cutaneous  faradization 
of  the  precordial  region. 

A  pastrycook's  boy,  fifteen  years  old,  of  eccentric  character,  had  endeavom'cd 
to  cli'own  some  imaginary  troubles  in  di'ink ;  and  had  the  notion,  in  his  intoxi- 
cation, to  try  to  asphyxiate  himself  by  creeping,  dm-ing  the  nigiat,  into  a  sort 
of  hole  situated  over  his  master's  oven,  where  he  remained  to  sleep  himself 
sober.  The  next  morning,  the  men  who  went  to  light  the  fire  saw  one  of  his 
feet,  and  drew  him,  seemingly  hfeless,  from  the  place  where  he  had  passed  the 
night.  Living  in  the  same  house,  I  was  able  to  try,  a  few  minutes  later,  to 
recall  him  to  hfe  by  faradization.  His  face  was  blue,  there  was  no  respira- 
tion, a  miiTor  held  before  his  lips  remained  untarnished,  no  pulse  could  be 
felt,  the  action  of  the  heart  was  not  discoverable  by  the  hand,  but  on  ausculta- 
tion, feeble  valvular  sounds  were  heard.  While  I  made  this  examination  my 
induction  apparatus  had  been  got  ready  by  my  son,  who  assisted  me.  I  was 
about  to  excite  artificial  respii-atiou  through  the  phrenic  nerves,  when  I  saw 
that  the  rheophores  had  been  forgotten.  The  danger  being  very  urgent,  I 
instantly  applied  the  metallic  extremity  of  one  of  the  conductors  of  the  in- 
duced cm-rent  of  my  iastrumcnt  (at  its  maximum,  and  with  rapid  intermis- 
sions) over  the  left  nipple,  and  moved  the  other  conductor  about  over  tho 
apex  of  the  heart.  After  a  few  seconds,  slow  and  weak  respiratory  move- 
ments appeared,  and  increased  progressively  in  frequency  and  depth ;  and,  at 
the  end  of  a  minute,  the  i:)ulse  could  be  felt.  Soon  after\\'ards,  tlie  faco 
assumed  a  slight  expression  of  pain.  In  a  few  minutes  the  i)atieut  uttered  a 
faint  groan,  and  moved  first  tho  arms  and  then  the  trunk,  as  if  to  remove  tho 
conductors  from  his  chest.  Then  he  gave  a  loud  cry,  lacking  with  his  feet  at 
the  people  surrounding  him,  and  began  to  reply  to  the  questions  that  were 
asked.  In  five  or  six  minutes  the  respiration  and  circulation  were  ro-cstab- 
lished,  the  coloiu-  of  the  face  was  natural,  and  the  intelligence  had  returned. 

He  a]ji)eared  to  be  saved.  However,  I  ordered  sinapisms  to  bo  a))])licd  to 
the  limbs  and  the  precordial  region,  and  warned  his  master  tliat  lie  miglit 
fall  back  into  a  state  of  coma,  from  the  toxic  uifiucnce  of  the  carbonic  oxide. 
In  fact,  a  few  minutes  after  tho  snspension  of  the  cutaneous  faradization,  ho 
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no  longer  replied  to  questions ;  his  respiration  slackened,  at  times  he  seemed 
as  if  liG  forgot  to  breathe  ;  his  face  became  discoloured  and  his  lips  l)lanched; 
tlien  the  breathing  became  stertorous ;  lie  could  not  feel  when  pinched ;  in  a 
Avord,  he  was  aspliyxiated  afresh.  He  was  quickly  restored  by  cutaneous 
faradization  of  the  precordial  region,  applied  tliis  time  less  severely,  as  it  was 
quickly  and  acutely  felt.  It  was  continued  by  my  sou  for  about  twelve 
minutes,  until  the  respiration,  circulation,  and  intellectual  faculties,  were  all 
completely  restored,  and  he  could  stand  erect  and  walk. 

Believing  this  ciu-c  to  be  only  apparent,  I  ordered  his  removal  to  the  Hotel 
Dieu,  to  tiie  wards  of  Professor  Trousseau,  where  I  shortly  followed  him. 
Foreseeing  that  the  carbonic  oxide  would  contmue  its  poisonous  action,  and 
produce  a  return  of  coma,  I  had  placed  sinapisms  upon  his  legs,  and  bad 
directed  the  person  who  conducted  him  not  to  let  him  sleep.  An  liour  later 
I  found  him  in  the  hospital,  in  a  state  of  coma,  into  which  he  had  fallen  on 
the  way,  in  spite  of  the  efforts  of  his  guide,  who  had  in  vain  slapped  him  to 
try  to  keep  him  awake.  It  was  necessary  to  return  to  the  electro-cutaneous 
excitation  of  the  precordial  region,  and  to  repeat  it  several  times  during  the 
day,  as  well  as  to  apply  sinapisms  over  the  body,  before  we  were  entirely 
freed,  towards  the  evening,  from  the  tendency  to  consecutive  coma,  due  to 
the  lioisonous  influence  of  the  carbonic  oxide. 

In  this  case  we  have  seen  a  lad  who  was  asphyxiated  by  carbonic 
oxide,  in  whom  the  respiration  had  ceased  (it  was  not  known  for 
how  long  a  time),  and  in  whom  the  feeble  action  of  the  heart  was 
only  discoverable  by  the  ear.  1.  He  recovered  entirely,  in  a  few 
minutes,  under  tbe  influence  of  precordial  electro-cutaneous  excita- 
tion, his  respiratory  and  cardiac  functions.  2.  He  fell  back  many 
times  into  the  same  state  of  coma  and  asjDhyxia,  shortly  after 
the  suspension  of  faradization,  which,  perseveringly  re-applied 
on  several  occasions,  during  nearly  a  whole  day,  finally  triumjjhed 
over  the  asphyxia. 

It  was  incontestably  and  solely  to  the  faradization  that  the 
rapid  disappearance  of  the  grave  symptoms  was  in  this  case  to  be 
attributed.  The  proof  of  this  assertion  rests  so  plainly  in  the 
relation  of  the  facts,  that  it  seems  useless  to  dwell  farther  upon 
the  point. 

I  proceed  to  describe  briefly  another  case  of  aspyhxia  by  car- 
bonic oxide,  which  brings  into  prominence  the  therapeutic  value 
of  reflex  excitation  of  the  nervous  centres,  by  cutaneous  faradiza- 
tion; and  at  the  same  time  shews  the  necessity  of  continuing 
the  application  for  a  long  time,  until  respiration  is  perfectly  re- 
established, under  penalty  of  seeing  the  asphyxia  return  and  lead 
to  a  fatal  issue. 

Case  VI. — I  was  called  to  a  woman  asphyxiated  by  carbonic  oxide,  in  La 
Charite  imder  the  care  of  M.  Andral,  where  she  had  been  conveyed  on  tlie 
previous  evening.  In  a  short  time  I  restored  the  respiration  and  the  heart's 
action  to  their  normal  state,  and  had  dispelled  the  coma.  The  patient  had 
so  far  recovered  her  intelligence  tliat  slie  was  able  to  give  me  information 
about  what  had  happened  to  her,  and  about  all  the  symptoms  of  her  asphyxia. 
I  believed  her  to  bo  safe.  But  some  hours  later  she  relapsed  into  somnolence, 
and,  although  treated  by  sinapisms  aud  even  by  blisters,  she  died  during  tlie 
course  of  the  night. 
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If,  in  this  case,  the  faradization  had  been  continued,  as  in  tlio 
subject  of  Case  Y.,  the  patient  would  probably  have  been  saved. 
From  this  example,  contii;med  by  what  I  have  seen  in  others,  I 
have  come  to  the  conclusion  that  patients  asphyxiated  by  carbonic 
oxide,  and  in  whom  electrization  has  removed  all  traces  of  asphyxia, 
are  still  threatened,  for  a  certain  time,  with  a  relapse  into  coma 
and  asphyxia ;  and  that  it  is  consequently  necessary  to  continue 
the  peripheral  excitation  for  a  considerable  time  after  the  patients 
have  been  recalled  to  life,  and  to  apply  cutaneous  faradization  to 
the  precordial  region,  as  soon  as  any  tendency  to  sleep  or  to  coma 
becomes  apparent.  It  was  to  the  observation  of  these  precepts 
that  the  young  subject  of  Case  V.  owed  his  life. 

It  is  important  to  add  that  the  danger  which  threatens  these 
patients  is  a  result  of  the  blood  poisoning  by  carbonic  acid  pro- 
duced by  the  asphyxia  itself ;  and  that  it  is  greater  in  proportion 
to  the  length  of  time  that  the  asphyxia  has  continued.  In  support 
of  this  proposition,  I  could  cite  many  examples  from  my  practice ; 
but  shall  only  relate  one,  and  that  concisely  : — 

Case  VII. — I  was  called,  some  years  ago,  by  !MM.  Trousseau  and  Chailly, 
to  a  case  of  asphyxia  in  a  new-born  infant.  At  birth  it  gave  no  sign  of  life 
(the  labour  had  been  long  and  difficult),  and  it  had  been  restored  imme- 
diately by  artificial  respii'ation,  made  from  mouth  to  mouth  by  Chailly ;  but, 
however  prolonged  and  renewed  this  process,  and  in  spite  of  stimulating 
frictions,  it  remained  in  a  state  of  semi-asphyxia  from  two  o'clock  till  eight 
ia  the  morning.  At  the  time  of  my  arrival  it  had  not  breathed  for  about  a 
minute.  I  moved  the  metaUic  rheophores  of  my  induction  apparatus  over 
the  precordial  region,  and  in  five  or  six  seconds  witnessed  respiratory  move- 
ments, feeble  at  first,  but  becoming  more  and  more  developed,  and  leading, 
for  the  first  time,  to  the  cry  of  the  new-born,  until,  imder  the  influence  of 
deep  inspiration,  the  lividity  of  asphyxia  had  disappeared.  We  thought  all 
was  safe.  Nothing  could  express  the  astonishment  and  delight  of  the  family 
at  the  result.  The  infant  was  the  first  grandson  of  one  of  tfie  kings  of 
finance.  But  ten  minutes  later  it  relapsed  into  coma,  the  breathing  became 
more  and  more  slow,  the  lips  were  once  more  livid,  and,  in  a  word,  the  as- 
phyxia re-appeared.  I  succeeded  again  by  the  former  process  of  faradization, 
to  wliich  I  added  artificial  respiration  by  faradization  of  the  phrenic  nerves, 
practised  for  five  or  six  seconds.  Ten  minutes  later  there  Wiis  another 
relapse,  followed  by  a  renewed  success  from  the  cutaueoiis  faradization,  which 
this  time  acted  more  slowly.  In  another  quarter  of  an  hour  the  ixsphyxia 
gained  the  upper  hand,  and  the  infant  died. 

II. — Treatment  of  gave  functional  disorders  of  the  cardiac  circula- 
tion and  the  resjpiration,  stjmiotomatic  of  a  dynamic  central  nervous 
lesion. 

Excitation  of  the  medulla  by  reflex  action,  by  means  of  cutane- 
ous faradization  of  certain  zones  of  the  thorax,  will  modify  or 
cure: — 1.  grave  disorders  of  the  cardiac  circulation,  symptomatic 
of  a  paralytic  condition  of  the  vagus,  producing  syncope  that  is 
sometimes  fatal,  by  stoppage  of  the  heart;  2.  disorders  of  the 
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respiration,  siicli  as  paresis  or  paralysis  of  the  expiratory  or 
bronchial  muscles  of  Reissessen  (paralysis  of  the  hmg) ;  3.  simple 
or  comatose  apua3a,  producing  consecutively  an  accumulation  of 
bronchial  mucus  and  asphyxia. 

A. — The  following  clinical  observation  is  the  proof  of  the  two 
first  assertions : — 

Case  VIII. — Grave  disorder  of  the  cardiac  innervalion  and  «f  expiralum, 
in  conseqictnce  of  diphtheritic  poiaoning. 

Summary. — Membranous  angina  attaching  a  large  surface,  in  a  lady  twenty- 
one  years  old;  diphtheritic  poisoning  2^1'oducvng,  on  the  sixteenth  day,  paralysis 
of  the  pharynx  and  the  soft  picdate,  and  towards  the  twenty- seventh  day,  after 
a  miscarriage  at  three  months  and  a  half,  other  paralytic  phenomena  symptomatic 
of  a  lesion  of  the  medulla ;  namely, — 1.  Grave  disorder  of  the  cardiac  circulation, 
diie  to  paralysis  of  the  vagus,  and  removed  hy  slight  cutaneous  faradization  of 
the  precordial  region.  2.  Two  days  later,  temporary  diplopia,  lasting  an  hour, 
and  immediately  followed  by  hemiplegia  of  the  left  side ;  which  was  cured  in 
an  hour  hy  cutaneous  faradization  of  the  paralysed  parts.  3.  Two  or  three 
hours  later,  a  return  of  gra,ve  functional  disorder  of  the  circulation ;  cured  again, 
after  two  days  of  cutcmeous  faradization  of  the  precordial  region,  p>ructised 
night  and  day  at  short  intervals.  4.  Grave  functional  disturbance  of  respira- 
tion, symptomatic  of  paralysis  of  the  intrinsic  expiratory  muscles  (bronchial 
muscles  of  Seissessen)  or,  in  other  uvrds, paralysis  of  the  lung;  removed  imme- 
diately (for  the  space  of  hcolf  an  hour  or  an  how),  and  on  different  occasions, 
by  cutaneous  faradization  of  the  dorsal  aspect  of  the  chest.  5.  Lastly,  forma- 
tion of  bronchial  mucus  from  weakness  or  piaralysis  of  expiration,  and  death  on 
the  thirty-eighth  day,  at  two  o'clock  in  the  morning. 

Madame  X.,  21  years  of  age,  and  three  months  advanced  in  j^regnancy,  was 
attacked,  on  the  22nd  February,  1869,  with  a  membranous  angina,  following 
a  cold.  It  seems  superfluous  to  describe  the  symptoms  of  the  angina, 
which,  under  the  care  of  MM.  Earth,  Eicord,  H.  Eoger,  and  Descroizille.s, 
charged  specially  to  remain  day  and  night  near  the  patient,  followed  a 
regular  course  up  to  the  time  of  convalescence ;  when,  on  tlie  10th  of  Mai-ch, 
there  appeared  paralysis  of  the  pharynx  and  of  the  soft  palate.  It  followed 
that  deglutition  was  rendered  difficult,  and  that  the  jDatient  could  take  only 
hquids,  soups,  and  slops.  Nevertheless,  Madame  X.  began  to  regain  strength, 
and  it  was  hoped  that  her  convalescence  was  established,  when,  in  the 
morning  of  the  21st  of  March,  severe  uterine  pains  anuoimced  the  approach 
of  a  miscarriage.  Although  this  took  place  regularly,  and  produced  no 
haemorrhage,  it  was  followed  by  derangements  of  the  respiration  and  cii'cu- 
lation,  of  extreme  severity.  MM.  Earth,  Eicord,  H.  Eoger,  Campbell,  and 
Descroizilles,  who  had  passed  the  night  in  attendance,  and  who  had  suc- 
cessfully encountered,  by  the  aid  of  diffusible  stimvilauts,  a  state  of  syncoiJO 
that  had  several  times  placed  her  Hie  in  danger,  were  still  unable  to  over- 
come very  grave  disorders  of  the  circulation  and  the  breathing. 

On  the  following  morning,  the  22nd  of  March,  my  confreres  wished  to 
call  in  the  aid  of  electricity.  Tliey  asked  me — 1.  Whether  in  such  a 
case  an  electrical  treatment  afforded  any  hope  of  success;  2.  Ey  Miiat 
mode  of  proceeding  it  would  be  possible  to  direct  the  therapeutic  action 
upon  the  functions  or  the  parts  of  the  nervous  centres  that  were  acted 
upon  by  the  diphtheritic  poison ;  and,  3.  How,  by  faradization  or  galvani- 
zation, we  might  resist  the  syncope  or  the  aspiiyxia  that  was  imminent. 

Eefore  replying  to  these  questions,  I  examined  the  patient ;  and  the  fol- 
lowing wore  the  chief  conditions  that  I  observed :— Face  very  pale;  li]is 
discoloured ;  the  nose  and  extremities  cool ;  precordial  weight  and  sense  of 
suffocation;  respiration  a  little  panting,  although  the  rytlnn  of  the  move- 
ments was  normal,  and  there  was  no  ]iaralysis  of  the  dia]ihragni,  no  emphy- 
sema, and  no  rales;  the  pulse  small  and  very  frequent  (lb6  to  110), irregular, 
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and  so  iatcvmittcnt  that  six  or  eight  successive  pulsations  wore  often  wanting; 
by  auscultatiou  of  tlio  heart  it  was  impossible  to  recoguize  the  rytlun  of 
the  movements,  and  I  heard  only  some  slight  dull  sounds,  unequal  and 
much  disordered.  There  was  no  elevation  of  temperature,  but  a  paralysis 
of  the  pharyux  and  the  soft  palate,  dating  from  a  time  much  anterior  to 
the  appearance  of  the  symptoms  for  which  I  had  been  siimmoned. 

I  recognized,  in  the  whole  of  these  cardiac  and  respiratory  disorders,  the 
characteristic  phenomena  of  paralysis  of  the  pneumogastric  nerves;  and  I 
conceived  that,  in  this  patient,  the  diphtheritic  poison  exercised  a  morbid 
influence  over  that  part  of  the  nervous  centre— the  fourth  ventricle— that 
governs  the  innervation  of  the  heart. 

'  According  to  this  hypothesis,  what  should  be  the  therapeutic  action  of 
faradization?  Excitation  of  the  phrenic  nerve,  in  a  case  where  the  diaphragm 
was  not  paralysed,  and  where  there  was  no  sign  of  asphyxia,  did  not  seem 
to  me  likely  to  exert  a  beneficial  influence  upon  the  disturbance  of  the 
cardiac  cu-culation,  and  upon  the  feeling  of  suffocation.  Faradization  of 
the  pneumogastric  and  superior  laryngeal,  at  the  point  where  these  nerves 
are  in  relation  with  the  sides  of  the  pharynx,  might,  indeed,  modify  favour- 
ably the  innervation  of  the  heart  and  lungs ;  but  the  proceeding,  although, 
very  easy  of  performance,  is  extremely  dangerous ;  and,  even  in  small  doses, 
may  arrest  the  heart's  action  and  the  breathing.  It  was  not  even  to  be 
thought  of. 

As,  however,  it  was  needful  to  act,  I  determined  to  endeavour  to  modify 
the  morbid  state  of  the  centre,  which  gives  origin  to  the  nerves  of  the 
heart  and  lungs,  by  the  electro-cutaneous  excitation  of  a  region  in  relation 
with  it. 

Was  it  not  possible,  however,  that  the  diphtheritic  poison,  in  modifying 
the  dynamic  state  of  the  patient,  had  rendered  her  unusually  sensitive  to 
electric  excitation?  Should  I  not  expose  myself,  by  acting  a  little  too 
powerfully,  to  a  risk  of  stopping  the  heart  ? 

After  having  well  weighed  the  value  of  these  and  other  considerations,  I 
performed  cutaneous  faradization,  by  means  of  the  electric  hand  (see  page 
90),  over  the  precordial  region,  principally  at  the  region  of  the  apex  of 
the  heart,  being  careful  to  commence  with  an  extremely  feeble  dose.  I 
then  gi-adually  increased  the  intensity  of  the  induced  current,  the  inter- 
missions of  which  were  rapid,  until  it  jDroduced  slight  tingling  of  the  skin. 
We  then  had  the  satisfaction  of  seeing  my  anticipations  realized  ;  for,  after 
a  few  minutes,  and  during  the  passage  of  the  current,  the  pulse  diminished 
in  rapidity,  and  became  more  full  and  regular ;  and  after  a  while  the  j)re- 
cordial  weight  and  sense  of  suffocation  disappeared.  It  was  necessary, 
however,  to  return  to  the  cutaneous  faradization  several  times  dui'ing  the 
day,  in  order  to  dispel  definitively  the  diphtheritic  pertui'bation  of  the  in- 
nervation of  the  heart,  which  had  shown  a  tendency  to  recur. 

In  order  to  omit  notliing,  I  should  mention  that,  together  with  the  precor- 
dial faradization,  we  employed  and  continued,  during  the  whole  course  of  the 
treatment,  the  diffusible  stimulants  internally,  and  the  peripheral  stimulants 
externally,  which  alone,  had  failed  to  improve  the  innervation  of  the  heart ; 
that  oxygen  was  frequently  inspired ;  and  that  tonics  and  such  alimentation 
were  given  as  the  paralysis  of  the  soft  palate  and  the  dys])hagia  would  allow. 

On  the  following  days,  no  disorder  of  tlie  circulation  or  respiration  re- 
appeared; and  our  patient  suffered  only  from  the  palatal  and  laryngeal 
paralysis,  against  which  I  could  do  notliing  under  such  serious  conditions. 
We  thought  Ufe  no  longer  in  danger,  when,  on  the  29th  of  March,  about 
four  o'clock,  the  diphtheritic  poisoning  announced  its  return  by  a  di]ilopia 
that  lasted  an  hour.  Then,  about  five  o'clock,  Madame  X.  was  suddenly 
struck  by  complete  hemiplegia  of  the  left  side,  with  loss  both  of  sensation 
and  of  motion,  but  with  no  impairment  of  the  intelligence,  of  the  heart's 
action,  or  of  the  respiration. 

Considering  this  paralysis  to  be  an  evidence  of  a  now  invasion,  by  the 
diphtheritic  poison,  of  a  portion  of  the  right  half  of  the  medulla  oblongata 
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(probably  of  the  anterior  pyramids  or  their  prolongations),  I  did  not  liesl- 
tate  to  encounter  it  by  the  same  means  that  had  succeeded  against  the 
paralysis  of  the  nerves  of  the  heart  and  lungs;   by  the  electro-cutaneous 
excitation  practised  by  the  hand  over  all  the  surface  attacked  by  jmralysis 
of  motion  and  of  sensation.    On  this  occasion,  also,  we  were  not  deceived 
in  our  hope ;  for,  after  eight  or  ten  minutes  of  this  slight  peripheral  exci-  | 
tation,  the  sensibility  liad  in  great  ]mrt  returned,  and  voluntary  movement  | 
coon  followed,  although  muscular  faradization  had  not  been  practised.   In  I 
four  hours  the  hemi]5legia  had  completely  disappeared.  i 

The  hemiplegia,  alas  1  was  soon  replaced  by  new  indications  of  pneumo- 
gastric  paralysis,  more  serious  than  those  which  had  preceded  them;  for 
suspension  of  the  heart's  action  rettirned  more  often  and  continued  longer. 
I  soon  succeeded  once  more  in  removing  this  symptom,  by  slight  faradi- 
zation of  the  cutaneous  ]3recordial  zone  which,  according  to  the  therajjeu- 
tical  results  previously  obtained  in  the  case,  seemed  to  be  in  relation  with 
the  origin  of  the  pneumogastric.  Unfortunately,  this  renewed  success  lasted 
only  for  about  a  quarter  of  an  hour  From  tliis  time  we  Avere  compelled 
to  maintain,  day  and  night,  an  incessant  strife  against  the  tendency  to 
stoppage  of  the  heart.  Every  honr,  or  half  hour  indeed,  the  poor  lady  was 
attacked  by  the  same  cardiac  troubles,  which  became  more  and  more  pain- 
ful, and  drew  groans  from  her.  On  these  occasions  the  pulse,  which  became 
small  and  irregular,  improved  again  and  again  under  the  influence  of  electro- 
cutaneous  excitation  of  the  precordial  region ;  and  the  patient  was  able  to 
compose  herself  to  the  sleep  of  which  she  had  such  need. 

After  two  days  of  this  struggle  against  the  diphtheritic  poison,  the  electro- 
cutaneous  excitation  seemed  to  have  triumphed  anew.    The  symptoms  of  ; 
pneumogastric  paralysis  had  disappeared,  and  the  rapid  pulse  had  re-  i 
turned  to  its  normal  state  and  so  remained. 

But,  rmfortimately,  this  improvement  was  but  a  brief  respite ;  for  nervous  i 
disorders  of  a  new  kind  shortly  appeared,  and  this  time  affected  only  the  I 
respiration,  which  became  sighing  and  more  rapid.    Ten  or  twelve  normal  [ 
respiratory  acts  were  followed  by  about  the  same  number  of  abnonnal  move- 
ments, which  were  more  rapid  in  their  character,  and  were  each  comijosed 
of  a  full  and  long  inspiration,  followed  by  a  short  and  feeble  expiration,  i 
Madame  X.  was  soon  awakened  by  a  most  j^ainful  orthopncea ;  she  was  suf-  i 
focated,  she  said  to  me,  as  if  between  two  mattresses.    There  was  no  blue- 
ness  of  the  lips,  because  the  air  that  freely  entered  the  bronchi  was  sufiBcieut 
for  hfematosis ;  although  the  air  that  there  was  no  power  to  remove  from 
the  smaller  ramiiications,  had  become  ii'resi)iL'able,  and  this  occasioned  the 
dyspnoea. 

The  electric  hand  moved  over  the  precordial  region  afforded  no  reUef.  It 
was  only  by  exciting  the  skin  of  the  jDOsterior  region  of  the  chest,  that  I  was  ' 
able,  after  the  lapse  of  eight  or  ten  minutes,  to  render  the  breathing  regular. 

The  paralysis  of  expiratory  power  returned  after  the  lapse  of  an  hour; 
and  shewed  itself,  as  on  its  first  appearance,  by  sighing  respiration,  soon 
followed  by  most  painful  orthopncea,  producing  groans.     The  horizontal 
position,  which  she  had  long  maintained  for  fear  of  syncope,  became  insujv- 
portable.    She  foimd  no  comfort  but  by  sitting  up  in  her  bed,  with  the  body  •; 
bent  forward;  an  attitude  that  she  maintained  until  I  had  restored  the 
breathing  to  its  natural  state.    This  ]iaralysis  of  the  bronchial  muscles  of  I 
Eeissessen  (the  intrinsic  ex]iiratory)  tiiled  mc  from  the  first  with  great  dis-  i 
quietude,  although  the  hasmatosis  had  not  apiiearcd  to  suffer,  judging  from  i 
the  colour  of  the  lips  and  the  face.    But  I  could  not  fail  to  see  the  presence  | 
of  a  new  danger,  fully  as  great  as  those  from  which  the  patient  had  epea]n  d.  i 
Indeed,  from  the  weakness  of  her  inspiratory  movements,  she  had  great  [ 
difficulty  in  expelling  the  abundant  mucosity  that  had  already  formed  in  the  ' 
larynx.    She  could  accomplish  the  eximlsion  only  by  very  violent  efforts,  ' 
which  left  her  completely  exhausted.    There  was  only  too  much  rea.son  to 
fear  that,  if  this  condition  should  be  prolonged,  the  accumulation  of  mucobity 
in  the  bronchi  would  become  a  cause  of  asphyxia. 
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Such  nnfovtnnatcly  was  tho  case,  although  I  had  succeeded  for  the 
moment  in  relieving  the  ortlio]moea  by  slight  electro-cutaneous  excitation 
of  the  dorsal  surface  of  tho  trunic,  and  had  thus  obtained  some  hours  of 
repose.  In  the  struggle  in  which  I  had  been  engaged  against  this  paralysis 
of  the  lung,  I  had  retained,  up  to  the  last  hour,  the  hope  that  by  prolonging 
the  life  of  the  patient  we  should  at  last  exhaust  the  deadly  influence  of  tlio 
diphtheritic  poison,  which  had  already  been  driven  from  other  points  of  the 
spinal  cord.  But  we  were  at  last  compelled  to  recognize  tho  near  approach 
of  death,  when  bronchial  r.lles  and  a  slight  lividity  indicated  the  commence- 
ment of  asphyxia.  From  tin's  time  we  had  only  to  watch  the  progress  of  a 
long  and  painful  struggle.  Death  took  place  on  the  2nd  of  April,  about  two 
o'clock  in  the  morning. 

Bemarhs. — The  case  is  interesting  from  many  points  of  view;  ^  but, 
not  to  wander  from  my  subject,  it  is  necessary  that  I  should  bring 
into  relief  the  influence  that  was  exerted  by  cutaneous  faradization 
over  the  grave  disorders  of  the  cardiac  circulation,  and  over  the 
paralysis  of  the  intrinsic  expiratory  muscles  of  Keissessen ; — in 
other  words,  over  the  paralysis  of  the  liuig,  which,  at  the  last, 
produced  asphyxia  and  death. 

The  results  obtained,  under  these  circumstances,  by  cutaneous 
precordial  faradization,  so  far  surpassed  my  anticipations  that  I 
should  doubt  them  even  now,  had  they  not  been  witnessed  also  by 
the  learned  physicians  who  called  me  to  the  case. 

a.  Let  us  examine  these  results  in  their  physiological  aspect. 

The  grave  functional  disorders  of  the  cardiac  circulation  whicli, 
in  the  case  of  Madame  X.,  I  had  at  first  to  combat ;  that  is,  the 
extreme  rapidity,  smallaess,  and  irregularity  of  the  pulse,  with 
syncope  or  the  danger  of  syncope  from  stoppage  of  the  heart,  the 


•''  I  have  suppressed,  in  the  above  his- 
tory, many  interesting  details  that  were 
not  necessary  to  the  demonstration  of  the 
electro-therapeutic  questions  that  are 
under  discussion.  There  is,  however,  one 
circumstance  that  deserves  mention,  on 
account  of  its  importance,  and  that  is,  the 
absence  of  elevation  of  temperature  dur- 
inj;  the  production  of  nervous  disorders 
of  extreme  malignity.  I  ascertained  this 
by  the  thermometer,  in  conjunction  with 
M.  Descroizilles,  who,  during  all  the 
weeks  of  the  illness,  was  scarcely  ever 
absent  fforn  the  patient.  If,  then,  the 
seventy  of  the  diphtheritic  intoxication 
could  not  be  explained  by  excessive  ele- 
vation of  temperature,  it  is  probable  that 
the  poisonous  action  may  be  explained  by 
some  change  in  tho  blood,  of  the  nature 
of  which  we  are  ignorant.  Such  a  hypo- 
thesis is  supported  by  tho  circumstance 
that  there  was  an  intestinal  htcmorrhago 
with  severe  colicljy  pains,  and  several 
successive  evacuations,  on  the  day  I'ollow- 
iTig  the  lirst  appearance  of  nervous  dis- 


order. This  was  not  mentioned  in  the 
history  of  the  case. 

False  membranes  having  been  found 
mingled  in  large  quantity  with  the  bloody 
stools,  we  all  thought  that  the  hsomor- 
rhage  probably  proceeded  from  tliose  parts 
of  the  intestinal  surface  upon  which  tho 
false  membranes  had  been  developed. 
These  false  membranes  having  been  ex- 
pelled two  days  after  the  abortion,  we 
were  for  an  instant  led  to  suppose  that 
they  might  be  uterine  dx^hris,  that  had 
passed  from  the  vagina  at  the  moment  of 
the  alvine  evacuation  ;  but  a  microscopic 
examination  shewed  them  to  possess  all 

1  the  anatomical  characters  of  false  mem- 
brane. Their  development  over  so  large 
a  surface  led  us  to  fear  that  the  degree  of 
poisoning  might  bo  in  proportion  to  the 
extent  of  this  surface,  and  made  us  better 
understand  the  full  gravity  of  the  case. 
Moreover,  the  presence  of  albmnen,  for 
some  days,  in  tho  urine  (another  fact 
omitted  from  report),  added  still  more  to 

j  the  peril  in  which  Madame  X,  was  placed. 
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precordial  weiglit,  and  the  suffocation,  were  in  my  judgment  symp- 
tomatic of  the  paralysing  influence  of  diphtheritic  poisoning  upon 
the  origin  (ganglion)  of  the  vngus  nerve.  Such,  indeed,  are  tlie 
symptoms  which  display  themselves  in  an  animal  in  which  tlie 
pneumogastrics  are  divided;  excepting,  of  course,  the  sensations 
of  precordial  weight  and  of  suffocation,  of  which  the  animal  could 
give  no  account.  I  have  also  observed  the  same  symptoms  in  the 
last  stage  of  disease  (glosso-lahio-laryngeal  paralysis) ;  that  is,  at 
the  period  when  the  anatomical  lesion,  wliich  appeared  to  be  au 
ascending  sclerosis  of  the  cord,  with  wasting  of  certain  cells,  had 
reached  the  ganglion  of  the  vagus. 

I  observed  that,  whenever  these  functional  disorders  of  the 
cardiac  circulation  appeared  in  Madame  X.,  they  were  removed, 
as  if  by  enchantment,  by  cutaneous  faradization  of  the  precordial 
region  ;  and  if  I  departed  from  that  region,  moving  my  manual 
rheophore  to  other  parts  of  the  chest,  the  patient  experienced  no 
benelit,  and  quickly  pointed  with  her  own  hand  to  the  precordial 
region,  to  indicate  the  point  to  which  the  electricity  should  be 
applied. 

Since,  in  this  kind  of  therapeutic  experimentation,  the  excitation 
of  the  sensibility  of  the  skin,  practised  in  the  precordial  region, 
was  alone  able  to  modify,  and  even  to  remove,  by  its  reflex  action, 
grave  disorders  of  the  cardiac  circulation  produced  by  a  morbid  state 
of  the  innervation  of  the  pneumogastric,  it  is  reasonable  to  con- 
clude that  there  exists  an  intimate  relation  between  the  cutaneous 
sensibility  of  the  precordial  zone  and  the  origin  of  the  pneumo- 
gastric ;  or,  in  other  words,  that  the  former  is  in  reflex  commu- 
nication with  the  latter. 

Another  therapeutic  result,  observed  during  the  progress  of  the 
case,  confirmed  the  belief  that  a  special  reflex  action  is  exerted 
upon  the  pneumogastric  ganglia  through  the  cutaneous  nerves 
of  the  precordial  region ;  and  this  was  the  fact,  that  certain  dis- 
orders of  the  respiration  could  only  be  overcome  by  cutaneous 
faradization  of  another  thoracic  region.  It  was  found  that  fara- 
dization of  the  precordial  region  was  powerless  against  the 
weakened  expiration  (paralysis  of  the  lung,  or  of  the  bronchial 
muscles)  which  followed  the  pneumogastric  paralysis ;  while  fara- 
dization of  the  back  of  the  chest  relieved  this  weakened  expira- 
tion on  several  occasions,  so  as  to  diminish  or  dispel,  for  a  certain 
time,  the  sufferings  of  the  patient,  to  give  her  some  repose,  and  to 
delay,  for  several  days,  the  asphyxia  which  at  last  terminated  the 
scene.  We  may  therefore  conclude  also  that  the  sensibility  of 
the  cutaneous  zone  of  that  thoracic  region  which  corres}K)nds 
to  the  posterior  aspect  of  the  lungs,  is  in  special  relation  with  the 
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point  of  origin  of  the  nervous  iibres  which  supply  the  intrinsic 
expiratory  muscles,  or  bronchial  muscles  of  Reissessen. 

h.  Every  one  must  perceive  the  practical  bearings  of  the  fore- 
going physiological  considerations;  which  lead  directly  to  the 
I'ollowing  conclusions.  1.  Electro-cutaneous  excitation  of  the  pre- 
cordial region  around  the  apex  of  the  heart  is  one  of  the  best 
means  by  which  to  encounter  syncope  from  arrest  of  tlie  heart's 
action,  or  other  functional  disorder  of  the  cardiac  circulation, 
symptomatic  of  a  paralytic  condition  of  the  vagus,  without  organic 
lesion.  2.  Electro-cutaneous  excitation  of  the  posterior  region  of 
the  chest  exerts  a  special  therapeutic  action,  in  the  treatment 
of  paralysis  of  the  intrinsic  expiratory  muscles. 

The  following,  in  a  few  words,  is  the  physiological  explanation 
of  the  facts  above  stated.  In  the  case  of  Madame  X.,  the  slight 
electro-cutaneous  excitation  of  the  precordial  region,  acting  in  a 
reflex  manner  upon  the  ganglion  of  the  pneumogastric,  restored  to 
the  nerve  the  power,  of  which  its  paralytic  state  had  deprived  it, 
to  control  the  action  of  the  heart.  It  had,  in  other  phrase,  put 
the  heart  once  more  under  a  curb,  and  hence  followed  regulation 
of  the  cardiac  circulation,  and  disappearance  of  the  grave  nervous 
disorders  that  were  symptomatic  of  pneumogastric  paralysis.  A 
similar  theory  is  applicable  to  the  therapeutic  influence  exerted 
by  electro-cutaneous  excitation  of  the  back  of  the  chest  over 
paralysis  of  the  power  of  expiration, 

c.  The  case  affords  also  valuable  instruction,  with  regard  to 
the  choice  of  a  method  of  electrization,  and  with  regard  to  the 
manner  of  its  application  under  similar  circumstances. 

When  it  was  decided,  in  consultation  with  my  colleagues,  that 
reflex  faradization  of  the  medulla  oblongata  was  indicated  in  the 
case  of  Madame  X.,  I  at  first  proposed  to  them  to  pa,ss  an  induced 
cm-rent  from  the  mouth  to  the  anus.  (I  showed  them  that  with 
my  water  moderator,  or  with  a  band  of  wetted  linen  in  the  circuit, 
the  current  could  be  so  reduced  as  to  be  scarcely  appreciable 
by  the  tongue,  and  could  be  gradually  increased.)  Notwithstand- 
ing the  assurance  that  I  possessed  (from  experiments  that  I  had 
made  upon  animals,  and  even  upon  man),  that  I  could  regulate  at 
will  the  degree  of  this  reflex  excitation,  I  proposed  to  commence 
by  slight  action  upon  the  skin  of  the  precordial  region,  in  order  to 
discover  what  was  the  degree  of  excitability  or  of  tolerance  of  the 
patient.  It  will  be  remembered  that,  after  having  used  at  first  in 
this  way  a  very  feeble  current,  the  intensity  of  which  was  pro- 
gressively increased,  the  disorder  of  the  cardiac  circulation  was 
relieved  in  a  short  time. 

This  result  so  far  exceeded  my  expectations  that  I  was  at  first 
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unwilling  to  attribute  it  to  the  slight  electro-cutaneous  excitation 
that  I  had  pi-actised.  In  the  cases  of  asphyxia  already  recorded, 
in  which  precordial  faradization  had  given  me  a  result  not  less 
important,  I  had  found  it  necessary  to  increase  the  current  to  the 
highest  degree  of  intensity.  But  when  I  beheld  cutaneous  fara- 
dization of  the  precordial  region,  although  applied  only  of  feeble 
intensity,  and  with  the  electric  hand,  overcome  such  grave  dis- 
orders on  successive  occasions,  I  felt  it  necessary  to  place  the  fact 
on  record. 

If,  instead,  of  acting  with  this  prudence,  and  feeling  my  Avay,  so 
to  speak,  to  the  degree  of  excitability  of  the  patient,  I  had  in  tlie 
first  instance  passed  an  intense  current,  the  result  would  have 
been  wholly  different.  This,  indeed,  was  shown  in  the  case  of 
Madame  X.,  by  an  accident,  on  one  occasion  of  the  recurrence 
of  the  disorder  of  innervation  of  the  heart.  I  had  all  in  readiness 
to  relieve  this  disorder  in  the  way  that  had  always  succeeded; 
but,  the  apparatus  having  been  moved,  its  graduating  cylinder  had 
been  entirely  drawn  out  without  my  observing  it.  The  acute 
excitation  that  the  instrument  then  produced  was  followed  by 
slight  syncope,  and  momentary  stoppage  of  the  heart.  However, 
the  cutaneous  faradization  of  the  precordial  region,  that  I  practised 
immediately  afterwards,  soon  subdued  this  nervous  disorder. 

Physiological  experiments  perfectly  explain  such  accidents. 
They  show  that  a  powerful  excitation  of  the  jraeumogastric  pro- 
duces stoppage  of  the  heart's  action,  and  of  the  respiration. 

The  general  conclusion  to  be  drawn  from  the  foregoing  is,  that, 
in  certain  morbid  conditions,  the  general  excitability  is  greatly 
increased;  a  proposition  that  I  have  already  laid  down.  Con- 
sequently, if  caUed  upon  to  encounter,  by  the  aid  of  cutaneous 
faradization,  grave  nervous  disorder,  it  is  necessary  to  proceed 
gradually,  and  to  proportion  the  intensity  of  the  current  to  the 
degree  of  tolerance  or  of  excitability  of  the  patient,  under  penalty 
of  producing  more  or  less  dangerous  mischances. 

Under  the  influence  of  ideas  that  are  sufficiently  old,  and  that 
have  been  promulgated  anew  by  physiologists  whose  only  practical 
experience  upon  the  point  is  based  upon  their  experiments  on  rats 
and  rabbits,  and  who  on  this  basis  have  seized  upon  the  Academy 
of  Sciences  and  the  Surgical  Society,  I  was  disposed,  as  I  have 
said,  to  pass  a  current,  in  the  case  of  Madame  X.,  from  the  mouth 
to  the  anus.  But,  when  I  observed  her  extreme  excitability,  I 
accepted  it  as  a  warning  not  to  expose  her  to  such  a  method  of 
reflex  excitation  of  the  cord  and  the  medulla  oblongata, — a  method 
infinitely  more  powerful  than  the  very  feeble  cutaneous  electriza- 
tion that  I  put  in  practice.    Even  su[)posing  that  the  forincr 
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raetLod  bad  been  free  from  danger,  it  is  manifest  tbat  a  proceed- 
ing in  wbicb  one  rbeopbore  was  placed  in  tbe  mouth  and  tbe 
other  in  tbe  anus  would  become  unbearable,  when  it  was  necessary 
to  repeat  faradization  very  frequently  for  several  days.  It  would 
then  always  be  necessary  to  have  recourse  to  cutaneous  precordial 
faradization. 

cl.  The  clinical  history  of  the  case  of  Madame  X.,  and  the  con- 
siderations which  flow  from  it,  show  that  it  is  important,  in  diph- 
theritic poisoning,  to  diagnose  exactly  the  kind  of  paralysis  tliat  is 
symptomatic  of  a  morbid  condition  of  the  medulla ;  for  upon  this 
diagnosis  will  depend  special  therapeutic  indications.  As  we  have 
seen,  the  disorders  of  the  cardiac  circulation  require  to  be  en- 
countered by  faradization  of  the  cutaneous  precordial  zone,  which 
is  in  reflex  relation  with  the  origin  of  the  pneumogastrics ;  and 
paralysis  of  the  intrinsic  expiratory  muscles,  by  faradization  of  a 
cutaneous  zone  on  the  posterior  surface  of  the  chest,  which  is  in 
reflex  relation  with  the  nerves  by  which  these  muscles  are  con- 
trolled. 

In  September,  1869,  in  conjunction  with  MM.  Millard  and  A. 
Ollivier,  I  saw  another  case  of  diphtheritic  poisoning ;  one  which 
both  confirms  the  foregoing  observation  and  displays  its  import- 
tance. 

Case  IX. — Without  entering  fully  into  the  history  of  this  patient,  I  may 
say  that  he  appeared  to  have  contracted  membranous  angina  by  kissing 
the  mouth  of  one  of  his  children  who  died  from  the  disease.  After  having 
passed  through  the  period  of  the  formation  of  false  membranes,  which  put 
his  hfe  in  danger  by  obstructing  the  bronchi,  and  when  making  progress 
towards  convalescence,  the  patient  was  attacked,  about  the  twenty-fifth  day, 
by  paralytic  symptoms  which  indicated  the  invasion  of  diphtheritic  poisoning. 
There  was  paralysis  of  the  soft  palate  and  pharynx,  diplopia,  and  slight 
hemiplegia  of  the  fifth,  seventh,  hypoglossal,  and  inferior  laryngeal  nerves. 
Suddenly,  on  the  twenty- eighth  day,  the  intrinsic  expiratory  muscles  Avere 
struck  with  pai'alysis ;  and,  at  the  same  time  there  was  formed  a  considerable 
quantity  of  mucus  which,  obstructing  the  bronchi  and  not  being  expelled, 
threatened  to  produce  asphyxia.  The  paralysis  had  appeared  withoiit  fever ; 
and  we  apprehended  a  speedy  death.  Uledro-cutaneouH  excitation  of'  tlte  jws- 
terior  region'  of  the  thorax  rapidly  re-established  the  expiratory  power,  and 
procured  the  immediate  expidsion  of  the  bronchial  mucus.  It  required  to  be  con- 
tinued for  several  days  in  order  completely  to  overcome  the  paralysis  of  the  lung. 
The  patient  is  now  in  safety,  although  still  Tinder  ti'eatment  for  other  con- 
sequences of  his  illness  (impairment  of  sensibility  of  the  hands  and  feet,  with 
paresis  of  the  limbs).  The  whole  history  of  the  case  will  probably  bo  pub- 
lished by  M.  Millard. 

If,  in  the  foregoing  instances,  I  had  had  to  deal  with  paralysis  of 
the  diaphragm,  I  should  have  employed  cutaneous  faradization 
of  the  base  of  the  thorax ;  altliough  it  does  not  seem  to  me  to  be 
proved  that  this  cutaneous  region  is  in  reflex  relation  with  the 
origin  of  the  phrenic  nerve.    My  doubt  upon  the  question  is 
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due  to  the  failure  of  excitation  of  this  region,  in  a  case  of  dia- 
pliragmatic  paralysis  from  diphtheritic  poisoning,  which  was  only- 
cured  by  faradization  of  the  phrenic  nerve  itself. 

Oase  X. — A  little  girl  four  months  old,  who  had  suffered  from  diarrhoea  for 
several  days,  became  tlie  subject  of  a  rather  large  ulceration,  covered  with 
false  membrane,  in  the  neighbourhood  of  the  umbilicus.  Although  the  cliild 
had  had  neither  croup  nor  angina,  the  diphtheritic  nature  of  this  false  mem- 
brane was  not  doubted  by  MM.  Barthez  and  Trousseau.  Some  days  later, 
the  child  was  attacked  by  general  paralysis,  which  continued  for  forty-eight 
hours,  and  was  followed  by  complete  aphonia,  with  extreme  difficulty  of  re- 
spiration and  deglutition.  Every  attempt  at  sucking  brought  on  cough  and 
choking;  and  under  these  perilous  conditions,  I  was  called  to  the  case.  I 
found,  besides  the  conditions  mentioned  above,  paralysis  of  the  diaphragm, 
the  signs  of  which  will  be  described  hereafter.  After  having  used  electro- 
cutaneous  excitation  of  the  base  of  the  thorax,  without  any  appreciable  result, 
I  applied  faradization  to  the  phrenic  nerves,  and  the  diaphragmatic  respii-a- 
tion  soon  became  normal.  The  paralysis  returned  several  times,  but  was 
always  overcome  in  the  same  manner.  After  faradization  of  the  soft  palate, 
the  pharynx,  and  the  anterior  surface  of  the  neck  at  the  laryngeal  level,  the 
infant  sucked  better  and  its  voice  improved.  It  was  completely  cured  by  a 
few  applications. 

Before  leaving  the  subject,  I  should  remark  that,  in  the  history 
of  diphtheria,  the  varieties  of  paralysis  incidental  to  the  period  of 
poisoning  have  not  been  analysed,  or  rather,  have  escaped  observa- 
tion. I  hope  it  will  suffice  to  have  mentioned  them,  in  order,  for 
the  future,  to  call  attention  to  their  occurrence.  I  believe  they 
are  not  extremely  rare ;  for,  during  the  short  time  that  my  own 
inquiries  have  been  du'ected  to  the  subject,  I  have  met  with 
several  examples. 

B. — I  come  now  to  the  therapeutic  effect  of  excitation  of  the 
medulla  oblongata  by  reflex  action,  by  the  aid  of  cutaneous  fara- 
dization, in  a  kind  of  apnoea,  a  neurosis  characterized  by  the 
absence  of  the  hesoiti  de  respirer,  and  which,  for  a  certain  time, 
renders  the  respiratory  movements  infrequent,  or  even  suspends 
them.  I  will  cite,  as  an  example,  an  instance  in  which  I  observed 
this  singular  functional  disorder,  and  cured  it  by  cutaneous  pre- 
cordial faradization,  and  by  faradization  of  the  diaphragm. 

Case  XI. — Neurosis  characterized  hy  a  kind  of  apnoea.  Cure  hy  cutaneous 
faradization  of  the  precordial  region,  and  by  faradization  of  the  j^hrenic  verve. 
The  patient  was  a  young  man  of  17,  of  nervous  temperament,  in  wiiom  there 
was  developed,  after  a  disorder  of  the  cliest  (pneiunonia  ?)  a  singular  derange- 
ment of  the  respiratory  fimctions.  At  intervals,  he  ceased  to  breathe  for  from 
thirty  to  sixty  seconds,  without  feeling  the  least  inconvenience,  although  a 
slight  degree  of  cyanosis  became  apparent  in  his  hps  and  face.  Then,  after 
this  temporary  arrest,  came  a  deep,  suspirious,  noisy  insiiiration,  siich  a.<!  it 
would  be  difficult  to  imitate  by  intentionally  making  an  exaggerated  sigh; 
and  this  singular,  and  as  if  spasmodic  inspiration,  would  then  be  repeated 
many  times  in  succession.  At  the  conuncucemeut,  tliis  sequence  of  events 
only  took  place  five  or  six  times  a  day ;  but  the  recuiTences  become  more  and 
more  frequent  until  they  were  almost  continual,  and  were  most  remarkable 
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when  the  patient's  •  mind  was  occnpiecl  about  liimself,  and  his  attention  was 
clii-ectcd  to  his  breathing.  Tlie  sighs  tlicn  succeeded  each  other  almost 
witliout  cessation.  Tliis  condition  had  continued  for  six  weeks,  without 
affecting  the  general  health,  when  the  patient  was  sent  to  me  by  my  friend, 
M.  Barthez.  I  considered  that  I  liad  to  deal  with  a  neurosis  that  consisted  of 
a  temporary  aboUtion  of  the  instinctive  craving  to  breathe.  According  to 
this  liypothesis,  the  sighs  that  followed  the  period  of  apnoea  would  be  only 
the  satisfying  of  that  craving,  which  remained  unfelt  until  tlie  deficiency  of 
lifematosine  amounted  almost  to  cyanosis.  Together  with  this,  there  was  a 
spasm  of  the  diaphragm,  produced  by  the  sighs  and  by  the  elevation  of  the 
epigastrium  and  hypochondria  which  followed  them,  or  occurred  when  the 
patient  thought  about  them.  It  seemed  that  each  of  these  singular  attacks 
presented  two  well-marked  periods ;  one  characterized  by  apnoea  and  cyanosis, 
the  other  by  convulsive  contraction  of  the  inspiratory  muscles  and  dia- 
phragm. 

Excitation  of  the  diaphragm  by  faradization,  practised  every  day  for  five 
or  ten  minutes,  and  with  slow  intermissions,  had  for  its  immediate  effect  to 
increase  the  fuiictional  disorder ;  but  some  time  afterwards  the  sighs  became 
less  fi'equent.  The  application  producing  only  a  small  degree  of  improve- 
ment, I  employed  also  cutaneous  faradization  of  the  precordial  region.  From 
this  time  the  disorder  rapidly  diminished ;  and,  at  the  end  of  a  month,  the 
patient  was  completely  cured. 

The  kind  of  weakening  of  the  inspiratory  nervous  excitability, 
by  which  this  case  was  characterised,  alarmed  M.  Barthez  and 
myself.  It  seemed  to  us  to  be  symptomatic  of  a  morbid  condition 
of  an  important  central  point  of  the  medulla.  We  felt  that,  if 
this  condition  increased,  asphyxia  must  be  the  result.  Influenced 
by  this  belief,  and  not  thinking  that  the  functional  derangement 
was  produced  by  any  organic  lesion,  I  had  recourse  to  faradization 
of  the  precordial  cutaneous  zone  that  is  in  reflex  relation  with  the 
pneumogastric,  and,  as  has  been  said,  wa§  rewarded  by  complete 
success. 

I  have  also  employed  the  same  morle  of  electro  -  cutaneous 
excitation  whenever  I  have  been  called  to  patients  in  whom  the 
respiratory  nervous  excitability  had  been  weakened  or  paralysed, 
by  whatever  influences,  to  the  approach  of  apnoea;  that  is  to 
say,  so  as  to  slacken  considerably,  or  temporarily  to  abolish,  the 
respiratory  movements,  and  in  this  way  to  lead  to  asphyxia. 


Part  the  Third. 

ON  THE  THERAPEUTIC  VALUE  OF  LOCALIZED  FARADIZATION. 

§  I.  Brief  exposition  of  clinical  facts  tuhich  estaUish  that  localized 
faradization  is  of  great  value  in  the  treatment  of  atrophic 
paralysis. 

Wishing  to  bring  about  the  prevalence  of  tlie  tlierapoutic 
employment  of  contiruious  constant  currents,  Remak  has  charged 
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the  induced  curreiit  with  exerting  a  paralysing  influence  upon 
nerves." 

In  presence  of  the  knowledge  of  electro  therapeutics  gained  by 
long  clinical  experience,  and  tested  by  many  observers  in  Europfi 
and  even  in  America,  to  venture  to  say  that  induced  currents 
exert  a  paralysing  influence  upon  tbe  nerves  seems  to  me  to  be 
so  far  to  disregard  the  truth  that  I  have  not  thought  it  necessary 
to  combat  Kemak's  strange  assertion.  Clinical  observation  will 
render  it  prompt  justice. 

But  I  am  unable  any  longer  to  keep  silence  upon  the  point, 
since  recently  some  young  philosophers,  supported  by  experiments 
upon  rats  and  rabbits,  have  again  maintained,  like  Remak,  that 
induced  currents  paralyse  the  nerves,  and  cause  the  disappearance, 
at  the  end  of  a  very  short  time,  of  all  their  vital  endowments.' 

Clinical  observation,  I  repeat,  protests  against  such  an  assertion. 
The  following  are  the  words  in  which  I  have  briefly  summarized 
the  facts  which  these  observers  fancy  they  can  overturn:* — 

"  In  1862  I  reported  ^  some  cases  of  atrophic  paralysis,  con- 
secutive to  traumatic  lesions  of  mixed  nerves,  which  were  of  many 
years'  standing,  and  in  which  the  paralysed  limbs  were  so  wasted 
that  the  muscles,  which  no  longer  responded  to  electric  excitation, 
appeared  to  be  entirely  destroyed.  The  temperature  of  these 
limbs  was  diminished,  the  cutaneous  veins  were  very  small,  the 
skin  discoloured,  earthy,  and  often  of  a  violet  hue.  Well,  under 
the  iafluence  of  direct  muscular  faradization,  applied  according  to 
certain  rules  which  I  have  laid  down  elsewhere,  I  have  seen,  in  all 
these  cases, — 1.  the  temperature  of  the  limbs  quickly  increase ;  2. 
the  cutaneous  veins  enlarge,  and  the  skin  return  to  its  normal 
colour ;  3.  the  muscles  gradually  increase  in  size,  and  regain  their 
tonic  force,  their  sensibility,  their  voluntary  contractility,  and, 
much  later,  their  electric  contractility  also." 

Since  1852,  a  host  of  European  observers  have  experimentally 
tested  and  confirmed  the  reality  of  these  electro-therapeutic  results, 
and  have  borne  testimony  to  them  in  numerous  publications.  I 
will  select,  as  one  of  the  most  important  among  them,  that  of  M. 
R.  Philippeaux,  of  Lyons.    In  America,  direct  muscular  faradiza- 


^  Rcinak,  Galvanotherapie,  etc.,  trans- 
lated from  German  into  French  by  Dr. 
A.  Morpain,  Paris,  1860,  "FaZewr  anti- 
paralytic  des  courants  indiiils,"  p.  447. 

'  Onimus  efc  Legros,  "  De  Vinjlumice  des 
courants  ^ledriquea  sur  la  nutrition"  {Gaz. 
des  116p.,  19  Janvier,  1860.)  The  same 
atithors  liad  previously  addressed  a  note 
upon  the  question  to  the  Acadi'mio  des 
.ScicniTs. 
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de  Me'decino  de  Gaud,  au  concours  de 
I  1852.  Amwlesdf  laSoc.de  M(fd.de  Gaud). 
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tion  has  been  applied  very  recently,  in  the  hospitals  of  Pliiladelphia, 
to  the  treatment  of  traumatic  paralysis,  by  surgeons  specially 
selected  by  Mr.  Hammond,  the  chief  surgeon  of  the  army  of  the 
North,  and  in  the  cases  of  men  wounded  in  the  civil  war.  The 
following  are  the  terms  in  which  tlie  therapeutic  results  of  this 
method  of  localized  electrization  have  been  described  by  these 
distinguished  men.  '  The  only  important  means,'  they  say,  in 
the  treatment  of  paralysis  arising  from  default  of  innervation,  is 
faradization  by  the  method  of  M.  Duchenne.  .  .  .  Most 
of  our  cases  were  from  wounds  that  were  of  old  standing  when 
they  came  under  our  care.  We  can  assure  you  that  localized 
faradization  has,  in  our  hands,  been  of  the  utmost  value.  In  some 
cases  it  has,  at  a  single  application,  restored  the  power  of  move- 
ment to  parts  that  had  been  long  deprived  of  it ;  in  others,  a  few 
applications  have  more  or  less  completely  restored  the  power  of 
movement  to  an  entire  limb ;  and  we  have  seen  very  few  instances 
in  which  there  has  not  been  improved  nutrition,  and  greater  sen- 
sibihty  and  strength,  when  we  were  able  to  continue  the  faradiza- 
tion sufficiently  long.  In  a  word,  we  cannot  too  strongly  repeat 
that,  imtil  faradization  has  been  used,  no  limb,  however  completely 
paralysed,  should  be  abandoned  by  the  surgeon  as  incurable.'  "  ^ 

I  might  also  adduce  other  kinds  of  paralysis,  in  which  the  lesion 
of  nutrition  is  equally  profound,  and  in  which  localized  faradization 
is  often  successful.  Moreover,  clinical  facts  will  be  hereafter 
detailed,  which  prove  incontestably  the  favourable — I  would  almost 
say  the  marvellous — influence  of  localized  faradization  upon  the 
nutrition  and  the  motility  of  muscles.  These  facts  will  be  found 
in  the  chapters  specially  devoted  to  the  application  of  this  method 
of  electrization  to  traumatic  paralysis  of  nerves,  to  paralysis  con- 
secutive to  myelitis  in  adults  and  adolescents,  to  saturnine  and 
rheumatic  paralysis.  We  shall  even  see  that,  when  applied  to  the 
fatty  atrophic — spinal — paralysis  of  infancy,  localized  i'aradization 
acts  not  only  upon  the  nutrition  of  the  muscles,  but  also  upon  that 
of  the  entire  limb,  so  that  it  prevents  arrest  of  development  of  the 
bone. 

§  II.  Critical  examination  of  the  electro-plitjsiological  experiments 
xvliich  have  served  as  the  foundation  of  the  attacks  recently  directed 
against  the  therajoeidic  value  of  localized  faradization.  Their 
inexactitude. 

Although,  during  more  than  twenty  years,  I  have  obtained  from 
localized  faradization  such  results  as  I  have  described,  and  after  I 
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liave  seen  these  results  confirmed,  both  in  Europe  and  in  America, 
by  a  host  of  the  most  competent  observers,  an  endeavour  is  made 
to  persuade  me,  on  my  objee-ting  to  deductions  drawn  from  a  few 
experiments  upon  rabbits,  that  I  am  myself  under  illusion! 

As  much  as  any  one,  I  admire  experimental  medicine;  and, 
without  believing  that  the  whole  future  of  therapeutics  rests  upon 
it  exclusively,  I  have  always  held  that  it  will  exert  a  guiding  and 
enlightening  influence.  But  when,  in  defiance  of  all  logic,  it  would 
lead  us  to  cast  doubt  upon  facts  perfectly  established  by  clinical 
observation,  it  is  necessary  that  we  should  renounce  it. 

A. — Fortunately,  in  the  case  with  which  we  are  now  concerned, 
we  have  not  to  find,  fault  with  experimentation  itself,  but  with 
those  who  have  experimented  badly,  or  who  have  badly  interpreted 
the  results  of  their  experiments.  I  proceed  to  prove  this,  at  least 
for  those  which  are  now  under  discussion. ' 

In  the  rabbits,  the  sympathetic  nerve  was  laid  bare  in  the  neck, 
slightly  lifted  by  means  of  a  thread  placed  under  it,  and  then 
electrified,  for  two  or  three  minutes,  hy  powerful  induced  currents. 
The  artery  of  the  corresponding  ear  became  contracted  until  it  was 
no  longer  perceptible.  On  ceasing  the  electrization,  the  artery 
regained  its  size  little  by  little ;  and  finally  hecarae  larger  than  it 
was  before  the  oj^eration.  After  an  instant,  the  temperature  of  that 
side  was  elevated  above  that  of  the  other.^ 

There  can  be  no  question  that,  in  these  experiments,  the  dilata- 
tion of  the  vessels  of  the  ear,  consecutively  to  faradization  of  the 
cervical  sympathetic  of  the  same  side,  was  produced  by  paralysis 
of  their  vaso-motors.  Is  there  not  some  cause  for  surprise  that  the 
sympathetic,  already  exposed  to  the  air,  and  perhaps  more  or  less 
injured  in  the  dissection,  was  not,  so  to  speak,  killed  by  the  power- 
ful induced  current  by  which  it  was  directly  traversed  for  several 
minutes  ;  and  that  the  vessels  had  still  power  slowly  to  regain 
their  normal  calibre  ? 

To  proceed  thus  with  experiments  the  object  of  wliich  is  to  study 
the  action  of  induced  currents  upon  the  nervous  system,  is  but  to 
contribute  to  toxicology.  We  know  that  there  are  certain  poisons 
which,  in  small  doses,  increase  the  action  of  the  heart,  but  which 
would  arrest  that  action  if  given  in  large  doses.  To  expect  a 
therapeutic  action  from  such  a  manner  of  applying  induced  cur- 
rents is  like  maintaining  that  paralysis  might  be  as  readily  cm-ed 
by  a  thunderbolt  as  by  electricity  wisely  and  methodically  applied. 

There  is  certainly  no  need  of  experimental  medicine  to  inform 
us  that,  in  its  therapeutic  aspect,  localized  faradization  is  a  two- 
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edged weapon.  Empirical  clinical  observations  very  soon  convinced 
me,  at  the  beginning  of  my  electro-tberapeutical  researches,  that 
localized  faradiziition,  if  applied  to  a  muscle  or  nerve  in  too  full  a 
dose  or  for  too  long  a  time,  may  increase  or  even  produce  paralysis 
or  atrophy,  instead  of  curing  either.  It  was  such  clinical  observa- 
tion that  led  me  to  lay  down  the  precept  that  muscular  fara- 
dization should  be  moderate  in  degree,  and  that  neither  the  whole 
application,  nor  the  application  to  any  single  muscle,  should  be 
unduly  prolonged. 

With  a  powerful  induced  current,  contracting  the  vessels  during 
its  passage  through  the  sympathetic,  and  producing,  after  its 
cessation,  a  temporary  diminution  of  their  contractility  (and  hence 
their  dilatation),  the  same  authors  have  compared  the  relatively 
infinitely  feeble  action  of  continuous  currents  upon  the  same 
sympathetic,  "  under  the  influence  of  which,"  they  say,  "  the 
activity  of  the  circulation  was  promoted  during  their  passage,  and 
for  a  long  time  after  their  cessation."  ^ 

It  appeared  to  follow,  on  the  whole,  from  their  experiments; — 1. 
that  induced  currents,  during  their  passage  through  the  sympathetic, 
arrested  or  impeded  the  circulation  by  closing  the  vessels  by  a 
powerful  excitation  of  the  vaso-motor  nerves ;  2.  that  they  pro- 
duced, after  their  passage,  a  passive  dilatation  of  these  vessels, 
and  a  consequent  blood  stasis  within  them,  by  the  paralysis  or  ex- 
haustion of  their  vaso-motors ;  and,  3.  that  continuous  currents, 
on  the  contrary,  increased  the  activity  of  the  local  circulation, 
both  during  and  after  their  passage  through  the  sympathetic. 

Partisan  and  defender,  as  has  been  seen  already,  of  the  existence 
of  different  physiological  properties  in  the  different  kinds  of  elec- 
tricity, although  the  reason  of  such  difference  has  not  at  present 
received  complete  explanation  from  actual  physical  data,  I  was 
disposed  to  hail  the  discovery  of  a  special  difference  of  action 
between  the  continuous  and  the  induced  currents  as  a  triumph  of 
experimental  medicine,  applicable  to  therapeutics.  But  I  must 
add  that  there  remained  in  my  mind  some  doubt  with  regard  to 
the  reality  of  the  assigned  difference  ;  because,  in  the  comparative 
experiments,  the  two  forms  of  current  had  not  been  applied  in 
equivalent  force. 

It  was,  therefore,  important  to  verify  the  results  said  to  have 
been  obtained,  and  the  following  is  a  summary  of  experiments 
luade  upon  rabbits  by  myself,  in  conjunction  with  my  learned 
triend  M.  Liegeois,  Professor  of  Physiology  to  the  Paris  Faculty  of 
Medicine.    Our  results  are  far  from  agreeing  with  those  of  MM. 
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Oniraus  and  Legros ;  aud  show  that,  iu  equivalent  doses  and  under 
similar  conditions,  the  continuous  constant  and  the  induced  cur- 
rents, when  passed  through  the  great  sympathetic,  exert  an  iden- 
tical action  upon  the  vaso-motors. 

Experiments. — A  continuous  constant  current  (from  a  pile  of  from  fifteen 
to  thirty  sulphate  of  lead  elements)  passing  tlirougli  the  sympatlietic  in  a 
portion  three  or  four  millimetres  below  the  superior  cervical  ganglion,  pro- 
duced a  slight  but  manifest  contraction  of  the  vessels,  and  a  decoloration  of 
the  ear  on  the  same  side,  during  the  whole  time  of  the  experiment. 

"When  the  sympathetic  nerve  had  previously  been  strongly  excited,  or,  in 
other  words,  when  its  excitability  had  already  been  more  or  less  exhausted, 
as  by  the  passage  of  a  powerful  induced  current,  or  by  section,  the  same 
continuous  current  of  thirty  elements,  or  even  of  fifteen,  produced,  instead 
of  contraction  of  the  vessels,  theu-  dilatation  during  the  whole  time  of  the 
experiment. 

An  extremely  weak  induced  current  (the  minimiun  of  the  extra  current 
of  my  Tolta  electric  apparatus,  passed  thi'ough  a  column  of  distilled  water 
twenty-two  centimetres  in  height),  and  locahzed  in  the  sympathetic  in  the 
same  manner  for  three  minutes,  produced  a  slight  contraction  of  the  vessels 
of  the  ear  during  the  first  half  minute,  followed  by  dilatation  during  the 
rest  of  the  experiment. 

The  same  proceeding,  repeated  upon  the  sympathetic  of  a  rabbit  that  had 
been  subjected  to  a  strong  induced  current  for  three  minutes,  an  hour  pre- 
viously, but  in  which  the  ear  had  regained  its  normal  vascularity,  immediately 
produced  dilatation  of  the  vessels  which  rendered  theii*  finest  ramifications 
visible  for  three  minutes. 

A  strong  induced  current  passing  in  the  same  maimer  through  the  sym- 
pathetic of  a  rabbit,  whether  it  had  been  the  subject  of  previous  experiment 
or  not,  produced,  during  the  whole  time  of  its  i^assage  (thi'ee  minutes),  a 
considerable  shrinking  of  the  vessels ;  followed,  when  the  current  was  with- 
drawn, by  an  enormous  and  long  persistent  dilatation. 

Interrupted  galvanic  currents  passed  through  the  great  sympathetic  acted 
upon  the  ganglionic  vaso-motors  in  the  same  manner  as  induced  currents. 

It  follows  from  these  experiments : — 

That  a  continuous  constant  current,  directed  upon  the  exposed 
great  cervical  sympathetic  of  a  rabbit,  the  excitability  of  which 
has  not  been  exhausted  (neither  by  electrization  in  prior  experi- 
ments, nor  by  manipulations,  nor  by  long  exposure  to  the  air), 
produces,  like  an  induced  current  of  equivalent  {i.e.  very  feeble) 
strength,  a  slight  contraction  of  the  vessels  that  are  controlled  by 
the  nerve. 

That  the  same  current,  acting  with  equivalent  force  upon  a 
nerve  already  exhausted,  can  no  longer  produce  contraction  of 
vessels,  but  only  moderate  dilatation. 

That  a  powerful  induced  current,  localized  in  the  sympathetic, 
produces  a  considerable  contraction  of  the  vessels,  followed,  after 
the  experiment,  by  enormous  and  protracted  dilation  ;  and  that  a 
powerlul  intermittent  galvanic  current  acts  in  the  same  manner. 

Finally,  as  a  corollary  to  the  foregoing,  that,  contrary  to  certain 
statements,  the  continuous  constant  currents  and  the  induced 
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currents,  in  equivalent  doses,  exert  an  identical  action  upon  the 
sympathetic  and  the  vaso-motor  nerves. 

§  IK.  Upon  wliai  class  of  nerves  does  localized  faradization  exert 
its  injitience  in  order  to  increase  the  activity  of  the  local  circu- 
lation ? 

I.  Upon  the  Vascular  Constkictok  Nerves? 

A. — Ramifications  of  the  sympathetic  nerve  accompanying  the 
arterioles,  excited  hy  localized  faradization. — Localized  electrization 
(either  faradization  or  galvanism,  localized  by  interrupted  currents,) 
is  the  only  means  by  which  we  can  directly  excite  the  ramifications 
of  the  great  sympathetic,  that  are  distributed  to  the  muscles  of 
the  limbs  and  of  the  surface  of  the  trunk. 

It  has  now  been  shown,  by  microscopic  anatomy,  that  the  rami- 
fications of  this  nerve  accompany  the  arterioles  almost  to  their 
ultimate  divisions,  and  that  they  are  found  embracing  capillaries 
of  the  second  order.  This  anatomical  fact  was  discovered,  in 
1856,  by  M.  Ordofiiez,*  and  confirmed-,  in  1865,  by  my  friend  M. 
Gimbert  (of  Cannes),*  one  of  the  most  distinguished  pupils  of 
Professor  Ch.  Eobin,  in  an  excellent  memoir,  from  which  I  have 
taken  fig.  41. 

In  this  figure  it  wUl  be  .  seen  that,  on  a  level  of  the  anastomoses 
of  the  arterial  capillaries,  the  nerves  present  ganglia,  G,  from  which 
proceed  new  filaments  which  spread  over  the  capillaries,  and 
terminate  in  pointed  extremities.  These  are  like  the  isolated 
fibres  of  Remak,  .R, 

We  can  conceive,  then,  that  in  localized  muscular  electrization 
(which  consists  in  moving  moist  rheophores,  as  nearly  as  possible 
approximated  to  each  other,  over  all  points  of  the  surface  covering 
a  muscle,  so  as  to  produce  electric  recomposition  in  the  thickness 
of  the  muscle,  at  varying  depths  according  to  the  intensity  of  the 
ciirrent),  we  may  carry  the  excitation  directly  to  the  vaso-motor 
nerves  which  accompany  the  arteries  to  their  divisions  into  capil- 
laries of  the  second  kind. 


■*  M.  Ordonez  has  mounted  beautiful 
microsco[)ic  preimrations,  shewing  the 
vaso-motor  nerves  accompanying  the 
arterial  vessels  to  their  final  ramification. 
He  has  nearly  followed  them  to  their  ter- 
minations on  tlio  capillaries  of  the  second 
variety.  In  man,  ho  has  established  this 
important  anatomical  relation  in  the  small 
arteries  of  the  retina  and  of  the  brain ; 
and  he  informs  me  tliat  ho  should  liave 
found  this  same  arrangement  of  other 
organs,  if  it  had  been  possible  to  isolate 
them  with  the  same  facility.    The  dis- 


covery of  M.  Ordonez  was  announced  in 
1865,  by  M.  G.  Pouchet  (lia2)ports  du 
grand  sympathique  avea  le  sijsteint>  eapil- 
laire:  le^on  faito  au  Museum  d'histoire 
natiu'elle — Mevue  des  cours  soieiitifiques, 
etc.,  p.  709).  To  bo  just,  I  shoidd  add 
that  M.  Schwoigger,  of  Berlin,  had  dis- 
covered the  same  aTiatomical  fact  at  the 
same  time,  in  tlie  arterioles  of  the  choroid 
and  of  tho  retina  in  mau. 

'  Gimbert,  Structure  ct  texture  des  ar- 
tcrea  :  Th6B0  do  Paris,  1865. 
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Fig.  41.— Vaso-motor  nerves  accompanying  capillaries  iu  the  palatine  mucous  membrane  of  a  frog 

(alter  Gimbert)." 

B. — Tonicity  of  the  vascular  constrictors  auffinented  hy  localized 
electrization. — Experiments  sliow  that  the  great  sympathetic  is 
highly  excitable,  at  least  in  the  cervical  region,  and  that  its 
excitability  is  quickly  exhausted.  Thus  it  has  been  mentioned 
previously  that,  under  the  influence  of  even  a  feeble  induced  or 
continuous  current,  a  contraction  of  vessels  is  produced,  presently 
followed  by  a  dilatation  of  some  persistence.  This  dilatation  of 
vessels  is  with  good  reason  held  to  depend  upon  a  paralysed  state 
of  the  vaso-motor  nerves,  producing  an  afflux  of  blood  to  the 
parts  controlled  by  them,  and  an  elevation  of  temperature,  which 
has  hence  been  called  neuro-parahjtic  litjpersemia. 

But  the  kind  of  weakening  of  vascular  tonicity,  which  is  the  first 
effect  of  localized  faradization,  is  only  momentary,  and  is  soon 
followed  by  a  reaction.  Indeed,  both  clinical  observation,  and  the 
therapeutical  results  that  have  been  obtained,  tend  to  prove  that. 


"  C,C,  Capillary  vessels.  N,  vaso-motor 
ii(!rve.  G,  G,  (j,  Kanglions  forming  ner- 
vous branches  at  the  level  of  the  anasto- 


moses of  the  arterial  capillaries.  R,  Iso- 
lated fibre  of  Keniak,  tcrminatiug  in  a 
point. 
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as  regards  the  ultimate  result,  the  touic  force  of  the  vessels  is 
iucreased. 

Such,  at  least,  is  the  object  that  I  propose  to  myself,  and  that  an 
endeavour  sliould  be  made  to  attain,  when,  in  the  treatment  of 
atrophic  paralysis,  electric  excitation  is  directed  upon  the  gang- 
lionic vaso-motors.  It  is  indeed  shown,  both  by  clinical  observa- 
tion and  by  experiment,  that  neuro-paralytic  hypera3mia  is  a 
morbid  state  that  is  seen  in  atrophic  paralysis,  consecutive  to 
lesions  of  the  cerebro -spinal  centres  or  of  the  nerve-trunks.  It 
is  rational  to  conclude  that  any  agency  which  increased  the  neuro- 
paralytic hypersemia  would  aggravate  the  pathological  state.  But 
this  is  precisely  the  opposite  of  what  I  have  witnessed,  when, 
by  the  aid  of  faradization,  I  have  cured  the  cases  of  atrophic 
paralysis  that  have  been  brought  to  me  in  such  a  condition.  Under 
the  influence  of  the  treatment,  I  have  seen  the  colour  of  the  skin 
and  the  nutrition  of  the  paralysed  limb  return  in  a  short  time  to 
their  normal  state ;  while,  at  the  same  time,  the  paralysis  under- 
went improvement :  and  I  have  considered,  under  these  circum- 
stances, that  the  vascular  tonicity  had  been  increased  by  the 
localized  faradization.  On  the  whole,  the  clinical  facts  teach  that, 
as  far  as  regards  therapeutics,  we  should  take  into  consideration 
the  secondary  and  ultimate,  rather  than  the  immediate  effects  of 
electrization. 

C. — Local  circulation  promoted  hy  localized  faradization. — Such 
has  not  been  .the  reasoning  of  those  who,  on  the  contrary,  attribute 
the  therapeutic  action  of  electrization  on  the  nutrition  to  the  slight 
degree  of  neuro-paralytic  hypersemia  tliat  is  produced  by  the  in- 
fluence of  a  feeble  current.  To  reduce  their  opinion  into  terms,  we 
must  say  that,  neuro-paralytic  hypersemia  being  one  of  the  morbid 
phenomena  of  atrophic  paralysis  due  to  lesions  of  the  nervous 
centres  or  nerve-trunks,  we  should  have  to  increase  the  neuro- 
paralytic hypersemia  in  order  to  cure  the  paralysis.  To  diminish 
what  would  otherwise  appear  paradoxical  in  their  opinion,  those  who 
advance  it  have  altered  the  physiological  signification  of  the  fact  on 
which  it  rests,  by  saying  that  the  increased  activity  of  the  circulation 
is  produced  by  the  influence  of  the  current  upon  the  sympathetic. 

In  order  to  accept  this  theory,  it  would  be  necessary  to  forget 
the  experiments  which  show  that  this  kind  of  neuro-paralytic 
hypera^mia  is  passive  ;  and  that,  in  itself,  it  is  powerless  to  affect 
the  nutrition.  I  would  recall  the  exj)eriment  of  Snellen,"  many 
times  since  repeated,  which  proves  this  in  an  incontestable  manner. 
I  have  seen  the  fact  conflrmed  by  clinical  observation ;  and  I  shall 

'  Hncllen,  Arch,  fiir  die  hollandiache  Beilrdue  zur  Natur  nud  Ucilhuiide,  1857, 
vol.  i.  p.  20(5. 
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hereafter  relate  a  case  in  which  neuro-paralytic  hyperaemia  of  the 
conjunctiva  and  vessels  of  one  eye,  consecutive  to  a  lesion  of  the 
cervical  sympathetic,  had  continued,  at  a  very  high  degree,  for  a 
period  of  two  years,  without  in  any  way  modifying  the  anatomical 
state  of  the  hyperjemic  parts ;  and  without  producing  the  slightest 
exudation ;  while  a  conjunctivitis  of  the  other  eye,  due  to  exposure 
to  a  current  of  air,  had  rapidly  displayed  all  the  symptoms  of  acute 
inflammation,  with  a  slight  formation  of  pas. 

It  is,  however,  impossible  to  overlook,  in  a  case  of  the  cure  of 
atrophic  paralysis  due  to  traumatic  or  spontaneous  lesion  of  nerve 
or  cord,  such  as  I  have  already  related,  the  influence  of  the  fara- 
dization upon  the  activity  of  the  local  circulation,  upon  the  nutri- 
tion of  the  muscles,  and  upon  the  general  nutrition  of  the  limb  to 
which  it  is  applied. 

But  how  is  this  therapeutic  action  to  be  explained?  I  am 
unable  to  attribute  it  to  a  kind  of  gymnastic  effect  produced  upon 
the  muscles  by  faradization,  because  the  muscles  had  lost  their 
electric  irritability.  Neither  do  I  believe  that  excitation  only  of 
the  nervous  fibres,  which  govern  motricity  and  sensibility,  would 
have  power  to  produce  the  results.  From  all  the  evidence,  I 
think  that  the  direct  muscular  faradization  promotes  the  capillary 
(local)  circulation  and  the  nutrition.  I  had  not  neglected  to  point 
out  the  last  electro-therapeutic  fact,  and  to  bring  it  into  promin- 
ence in  the  earlier  editions  of  this  treatise;  but  I  was  then 
limited  to  setting  forth  the  results  of  clinical  observation  in 
empirical  fashion,  since  science  was  not  sufficiently  advanced  to 
justify  the  framing  of  any  theory  whatever. 

What  has  been  the  mechanism  ?  In  other  words,  by  what  class 
of  nerves  have  the  nutrition  and  the  capillary  circulation  been 
promoted  ? 

It  is  with  fear  that  I  approach  this  question.  In  all  my  earlier 
researches  into  the  physiology  of  movement,  the  problems  to  be 
solved  have  always  been  in  harmony  with  anatomy,  with  electro- 
muscular  experiments,  and  with  clinical  observation.  On  the 
contrary,  in  the  new  path  on  which  I  am  now  to  enter,  I  cannot 
make  a  step  without  proceeding  from  hypothesis  to  hypothesis, 
relying  only  upon  the  great  discoveries  of  experiment. 

II.  On  the  Nerves  which  promote  Local  Circulation  ? 

A. — Historical  retrosjjecL— The  section  of  the  great  sympathetic, 
made  by  Pourfour-du-Petit  in  1727,^  is  the  fundamental  fact 


8  Pourfour-du-Petit,  "  Mcmoire  dans 
lequd  il  est  dcmonlrtf  que  les  nerfs  inler- 
cuslaitx  fournissenl  ilea  rameaux  qui  por- 


tent des  e.oprifs  dans  les  yeux "  (Mem.  de 
VAcad.  des  Sciences,  Paris,  1727). 
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whicli  has  served  as  a  point  of  departure  for  numerous  researches. 
Besides  contraction  of  the  pupil,  Pourfour-du-Petit  had  also 
observed  that  the  vessels  of  the  conjunctiva  lost  their  elasticity, 
and  became  distended  by  blood  consecutively  to  the  section.  In 
1840,  M.  Stilling,^  who  had  also  recognised  the  action  of  the 
ganglionic  system  upon  the  contractility  of  vessels,  called  the 
special  nerves  conveying  it  the  vaso-motors.  M.  CI.  Bernard 
announced  in  different  publications,  in  1851  and  in  1855,  the 
great  physiological  fact  that  section  of  the  great  sympathetic  is 
constantly  followed  by  a  considerable  afflux  of  blood  to  the  parts  of 
the  head  to  which  the  nerve  is  distributed.'  M.  Brown-Sequard 
discovered,  in  1852,  that  galvanization  of  the  great  sympathetic 
produced  contraction  of  the  vessels  and  diminution  of  temperature ; 
and,  consequently,  that  the  principal  phenomenon  described  by  M. 
CI.  Bernard,  was  due  to  paralysis  of  the  blood-vessels.^  Three  or 
four  months  later,  M.  CI.  Bernard,  not  knowing  of  M.  Brown- 
Sequard's  publication,  announced  the  same  fact  to  the  Biological 
Society.^  M.  Ludwig  was  the  first  to  suggest  the  idea  of  irritating 
the  glandular  nerves,  and  especially  the  sub-maxillary  gland,  the 
principal  vessels  of  which  he  laid  bare,  with  their  nerve-branches, 
after  having  isolated  Wharton's  duct,  in  which  a  canula  was  in- 
serted, so  as  to  exhibit  the  flow  of  saliva.  The  excitation  of  the 
nerve  produced,  in  a  short  time,  an  extraordinary  secretion  of  this 
liquid.  (M.  Ludwig  enabled  me  to  witness  this  beautiful  experi- 
ment, when,  in  1856,  I  attended  the  congress  of  naturalists  at 
Vienna.)  M.  Maurice  Schiff  instituted,  in  1851,  a  series  of  experi- 
ments upon  the  chorda  tympani,  in  order  to  show  that  all  the 
salivary  nerves  are  not  contained  in  the  proper  filaments  of  the 
trifacial  (lingual),  but  that  they  perhaps  proceed  from  its  anasto- 
mosis with  the  facial  (chorda  tympani).*  These  researches  have 
been  repeated,  with  the  same  results,  by  many  authors.  But  it  is 
to  M.  CI.  Bernard  that  all  the  honour  is  due  of  having  discovered 
the  actual  mechanism  of  certain  local  circulations,  by  showing  that 
the  vessels  are  placed  under  the  control  of  constrictor  and  dilatator 
nerves  which  act  upon  them  -reciprocally.  In  1856,  he  showed 
that  by  exciting  the  chorda  tympani  we  could  produce,  in  the 


"  Stilling,  Physiol,  jiathologische,  und 
Med.  'practische  Unierauchungen  ilber 
Spinal- irritation.    Leipsig,  1840. 

'  See  the  Gomptes  rendus  de  la  Soci(ft^ 
de  hiulogii;,  Dccembre,  1851.  Gazette  Med- 
icals de  Paris,  1852,  p.  7'1.  Comptes  ren- 
dus de  I'Acad^mie  dea  Sciences,  scanco  du 
20  MarH,  1852.  Becherches  exp^rimentales 
sur  le  grand  sympathique  et  spd'cialemcnt 
sur  I'influence  que  le  section  de  ce  nerf 


exerco  sur  la  temperature  animate.  Paris, 
1854. 

'■^  See '  Philadelphia  Medical  Examiner,' 
August,  1852,  p.  489. 

^  See  Comptes  rendus  de  la  Socitft^  de 
hiologie  {Gazette  Medicate,  18.')3,  p.  71). 

■*  Sec  Schiff,  Ueber  motorischi'.  Zungen- 
lahmung  (Archiv  fiir  'j}hysiologisrhi;  ileil- 
hunde,  von  Wuudorlich  und  Vierordt, 
1852). 
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organ  to  wliiola  it  is  distributed  (the  sub-maxillary  gland),  an  over- 
activity of  the  capillary  circulation,  and  a  dilatation  of  the  small 
arteries,  such  that  the  blood  would  circulate  in  the  veins  with  all 
the  appearances  of  arterial  blood.  He  showed,  also,  tliat  other 
nerves  going  to  the  arteries  of  the  face  had  equally  the  power  to 
dilate  those  arteries.'' 

B. — Opinion  of  M.  CI.  Bernard  in  favour  of  the  active  dilatation  of 
vessels. — Although  treating  of  the  therapeutic  iniiuence  of  localized 
faradization  upon  tbe  activity  of  local  circulation,  I  ignored  the 
mechanism  of  this  influence  until  our  great  physiologist,  M.  CI. 
Bernard,  after  having  contributed  so  largely  to  make  known  the 
proper  action  of  the  great  sympathetic,  entering  upon  a  new  path 
of  discovery,  had  shown,  especially  by  his  experiments  upon  the 
chorda  tympani,  that,  in  opposition  to  the  action  of  this  nerve  as 
a  constrictor  of  the  vessels,  other  nerves,  when  excited,  produced 
dilatation  of  the  vessels,  and  that  hence  they  are  dilatators  of  the 
arteries,  and  accelerators  of  the  capillary  circulation. 

Although  it  is  true  that,  in  the  hands  of  M.  CI.  Bernard,  experi- 
ment has  as  yet  shown  the  two  orders  of  vascular  nerves  (con- 
strictors and  dilatators)  only  on  the  arterioles  of  certain  glands 
and  of  the  face,  yet  it  must  be  remembered  that  his  genius  has  led 
him  to  believe  that  the  active  dilatation  of  vessels  must  be  general. 
The  following  are  the  terms  in  which  he  expresses  his  opinion : — 

"  It  is  admitted,  in  general,"  he  says,  "  that  all  the  phenomena 
that  follow  section  of  the  great  sympathetic  in  the  neck  are  the 
consequences  of  paralysis  of  the  nerve  and  of  the  consecutive 
passive  dilatation  of  the  vessels.  This  explanation  appears  to  me  to 
be  insufficient,  to  say  no  more.  I  am  assured,  indeed,  after  that 
experiment,  that  the  blood  which  enters  the  venous  system  is 
warmer  than  that  which  traverses  the  arteries.  There  is  then, 
among  these  phenomena,  something  more  than  a  simple  passive 
dilatation  of  the  vessels :  we  are  in  the  presence  of  an  action  of  a 
different  kind,  and  until  now  unknown.  The  contraction  of  the 
pupil,  after  division  of  the  cervico-cephalic  branch,  is  not  a  passive, 
but,  on  the  contrary,  is  an  active  phenomenon  ;  there  is  produced, 
after  the  section  of  the  sympathetic,  a  predominance  of  action  of 
the  ciliary  branches  of  the  third  pair. 

"  The  variations  observed  in  the  size  of  the  vessels  appear  to 
belong  to  the  same  class  of  phenomena,  although  here  the  contrac- 
tion is  produced  when  the  sympathetic  is  excited,  and  the  dilatation 
when  it  is  divided,  the  opposite  of  what  happens  in  the  pupil.  This 


'  Seo  01.  Bernard,  Legom  mr  les  prn- 
jrrMifs  phymnlogiques  et  Irs  alterations 


imtlwlociiqucx  des  Hqnidf^  de  Forgnnism'', 
tomo  ii.,  lc9ons  dos  4  ot  9  Juin,  ]S.58. 
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is  not  a  simple  hypothesis ;  the  active  dilatation  of  vessels  is  one  of 
the  most  unquestionable  verities  which  have  been  brought  to  ouv 
knowledge.  I  have  proved  by  direct  experiment  that  there  are 
two  orders  of  vaso-motor  nerves,  acting  in  opposite  directions ;  and 
that  their  properties  are,  in  the  majority  of  cases,  called  into  play 
by  reflex  influence."^ 

M.  CI.  Bernard  reiterated  the  same  opinion,  in  1864,  in  a  more 
explicit  manner.  "The  vascular  system,"  he  said,  "is  subject  to 
the  influence  of  two  nervous  systems,  more  or  less  distinct :  the 
sympathetic  system  and  the  cerebro-spinal.  Let  us  inquire  what 
is  the  function  of  each  of  them ;  and  what  part  may  legitimately 
be  assigned  to  each  in  the  facts  that  we  have  to  study.  The 
former — the  great  sympathetic — has  the  function  of  a  moderator  of 
the  vessels.  When  irritated,  it  produces  a  more  or  less  considera- 
ble contraction  of  them,  a  contraction  which  forms  a  certain  degree 
of  impediment  to  the  circulation,  and  hence  diminishes  its  speed. 
On  the  other  hand,  by  exciting  the  filaments  of  the  cerebro-spinal 
system,  we  produce  a  dilatation  of  the  same  vessels.  Such  is  the 
whole  mechanism  of  the  nervous  influence.  With  these  two  modes 
of  action  alone^ — contraction  and  dilatation  of  vessels — the  nervous 
system  governs  all  the  chymical  phenomena  of  the  organism.'"' 

But,  admitting  only  what  has  been  demonstrated  by  experiment, 
M.  CI.  Bernard  is  careful  to  declare  that  the  generalization  of  the 
phenomena  of  active  dilatation  of  the  capillary  vessels  is  at  present 
only  a  hypothesis. 

C. — Necessity  for  the  existence  of  dilatator  vascular  muscles,  as 
moderators  of  the  constrictor  vaso-motors. — I  venture  to  advance  a 
new  argument,  showing  the  necessity  for  a  system  of  nerves  to 
moderate  the  force  of  the  constrictors.  • 

I  am  convinced  that  all  muscular  action  should  have  its  anta- 
gonist; and  that  this  rule  applies  as  much  to  unstriped  as  to 
striped  fibre.  Just,  indeed,  as  wherever  I  have  seen  deficiency 
of  antagonism  in  the  muscles  of  animal  life,  the  attitude  and  con- 
formation of  the  limb  or  part  set  in  movement  by  the  muscles 
has  been  altered,  so  the  preservation  of  the  normal  calibre  of  the 
vessels  necessarily  depends  upon  a  certain  equilibrium  between 
the  tonic  force  of  the  constrictors  and  that  of  the  dilatators.  Such 
appears  to  me  to  be  the  light  thrown  upon  the  question  by  my 
clinical  observations. 

If  it  be  objected  that  this  also  is  only  a  hypothesis,  I  reply  that 
a  hypothesis  resting  upon  clinical  observation  is  very  near  the 


°  Cl.   Bernard,  'Medical  Times  and 
Gazette,'  vol.  ii.  1861,  p.  51. 
'  Cl.  Bernard,  Influence  du  syatemo 


nerveux  sur  les  ph(fnomenes  chimiques  de 
I'orffaniame,  25°  le^ou  {Revue  des  coitrs 
scinntifiipiea,  28  Juiii,  18(54.) 
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trutli.  How  often,  for  example,  in  matters  falling  within  my 
personal  researches,  has  clinical  observation  elucidated  the  physi- 
ology of  movement,  and  anticipated  the  anatomical  fact.  I  will, 
therefore,  in  this  place  say  briefly  on  what  clinical  facts  my  hypo- 
thesis reposes,  as  far  as  regards  the  vaso-motor  dilatators. 

I  have  said  that  the  two  orders  of  vaso-motors  (constrictors  or 
ganglionic  vaso-motors,  and  dilatators  or  cerebro-spinal  vaso-motors) 
as  reciprocal  moderators,  appear  to  me  necessary,  not  only  to  the 
functions  of  the  organs  on  which  they  ramify,  but  also  to  the  pre- 
servation of  the  normal  calibre  of  the  small  vessels.  Indeed,  when 
one  of  the  two  sets  is  paralysed,  the  local  circulation  is  profoundly 
altered.  If  the  ganglionic  vaso-motors  are  paralysed,  the  arterioles 
remain  dilated,  inert,  and  the  venous  blood  becomes  red ;  while 
the  reverse  happens  if  the  cerebro-spinal  nerves  are  aflfected. 

Clinical  observation  seems  to  me  to  show  that  the  force  of  the 
cardiac  impulses  (which  moreover,  as  shown  by  M.  Marey,  are  less 
felt  in  the  vessels  in  proportion  as  their  calibre  diminishes)  does 
not  sufSciently  moderate  the  power  of  the  constrictor  nerves  of  the 
vessels.  In  a  certain  number  of  cases  indeed,  in  which  it  seemed 
established  that  the  anterior  cornua  of  the  spinal  cord  had  under- 
gone rapid  change,  without  lesion  of  the  ganglionic  system  (as  in 
infantile  myelitis)  I  have  observed,  at  a  time  more  or  less  distant 
from  the  commencement  of  the  disease,  that  the  parts  receiving 
morbid  innervation  were  affected  as  follows: — The  vessels  were 
contracted,  the  calibre  of  the  cutaneous  veins  diminished,  the  skin 
was  discoloured  or  cyanosed,  the  temperatm-e  lowered,  and  at  the 
same  time  the  muscles  were  wasted."  Having,  then,  found  that 
the  beats  of  the  heart  retained  their  normal  energy,  and  that  the 
pulse  was  not  weakened,  I  have  concluded  that  the  power  of 
the  cardiac  impulses  was  insufficient  to  neutralize  the  muscular 
force  which  tended  incessantly  to  close  the  small  vessels ;  that  it 
was  not  enough  alone  to  preserve  the  normal  calibre ;  and,  in  a 
word,  that  the  force  which  dilates  the  small  vessels  was  paralysed. 

I  think  then  that,  under  these  circumstances,  the  diminution 
of  calibre  of  the  small  vessels  is  explained  by  the  unrestrained  or 
predominant  action  of  their  constrictor  muscles,  from  which  a 
local  ischsemia  results.  Ordinarily,  the  lesions  of  the  cord,  and 
of  the  nerves  which  proceed  from  it,  produce  in  the  first  place 
a  neuro-paralytic  hyperajmia,  which,  at  a  more  advanced  perioil, 
is  replaced  by  the  opposite  disorder  of  the  local  circuUitiou,  that  is, 
by  tlae  morbid  phenomena  described  above.  (May  we  not  attribute 
also  to  these  same  disorders  of  the  circulation  the  diminution 
or  loss  of  electro-muscular  contractility  which  supervenes  so 
quickly  in  atrophic  paralysis  ?) 
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P, — Therapeutic  action  of  localized  faradization  upon  the  develop- 
ment of  vessels. — If  such  is  the  mecliauism  of  the  disorder  of  local 
circulation  that  is  observed  consecutively  to  lesions,  imflammatory, 
organic,  or  traumatic,  of  the  cord  and  of  the  mixed  nerves,  we  are 
able  to  explain  one  of  the  favourable  results  obtained  by  direct 
muscular  faradization. 

The  first  therapeutic  effect  of  direct  muscular  faradization,  in 
the  treatment  of  these  forms  of  paralysis,  is,  as  I  have  said,  slightly 
to  redden  the  skin,  in  the  excited  region,  during  the  passage  of 
the  current.  We  soon  afterwards  observe  elevation  of  tempera- 
ture, increase  of  sensibility,  and  at  last,  more  slowly,  the  enlarge- 
ment, almost  visibly,  of  the  cutaneous  veins.  I  have  often  seen  these 
phenomena  continue  after  the  faradization,  and  sometimes  inci'ease, 
so  as  to  resemble  an  irritation,  and  to  require  the  suspension  of 
treatment  and  the  use  of  emollients,  baths,  poultices,  and  the 
like. 

It  is  certainly  not  the  excitation  of  the  ganglionic  vaso-motors 
that  produces  these  immediate  effects.  It,  on  the  contrary,  pro- 
duces contraction  of  vessels,  decoloration  of  the  skin,  and  cooling 
of  the  excited  region.  Consequently,  the  hypersemia  that  is  wit- 
nessed during  faradization,  under  such  circumstances,  must  be 
considered  as  an  active  hyperaomia,  produced  by  excitation  of  the 
dilatator  vaso-motors. 

Why  do  not  the  vaso-motor  constrictors,  that  are  influenced  by 
the  faradization  at  the  same  time  as  the  dilatators,  produce  a  con- 
sequent contraction  of  the  vessels  ?  For  the  present,  I  must  admit, 
I  do  not  know  the  reason.  I  am  therefore  bound  to  mention  the 
fact. 

E. — What  is  the  mechanism  of  the  active  dilatation  of  vessels  ? 

(a).  According  to  M.  CI.  Bernard,  the  vaso-motor  dilatators  exert 
a  paralysing  action  upon  the  vaso-motor  constrictors,  by  the  inter- 
mediation of  small  peripheral  ganglia,  which  are  found  in  great 
numbers  in  the  course  of  intra-glandular  nerves ;  theii'  irritation 
is  prop^-gated  to  these  small  controlling  centres,  the  activity  of 
which  consists  in  checking  function,  in  producing  momentary 
paralysis  of  the  ultimate  nervous  filaments  in  relation  with  the 
vascular  muscles.  With  regard,  for  instance,  to  the  cliorda  tym- 
pani,  the  excitation  of  this  nerve  proceeds,  after  the  hypothesis  of 
M.  CI.  Bernard,  to  rouse  the  activity  of  a  sub-maxillary  ganglion 
destined  to  moderate,  or  temporarily  to  paralyse,  the  vaso-motor 
constrictors  that  are  distributed  to  the  vessels  of  the  sub-maxillary 
gland. 

The  hypothesis  of  M.  CI.  Bernard  is  supported  by  ingenious  ex- 
periments; but,  according  to  Schiff,  this  doctrine  of  a  central 

M 


162 


LOCALIZED  ELECTRIZATION. 


office  for  peripheral  ganglia,  so  often  invoked  for  the  purpose 
of  explaining  certain  paralysing  functions,  rests  only  upon  arbitrary 
hypotheses.  The  following  is  the  most  serious  objection  which 
Schiff  opposes  to  the  suggestion  of  CI.  Bernard.  If  it  be  sound, 
he  says,  with  regard  to  the  sub-maxillary  gland,  it  should  apply 
also  to  the  ear  of  the  rabbit,  Avhere  we  have  equally  the  possibility 
of  a  vascular  dilatation,  produced  by  the  direct  irritation  of  nerves. 
But  no  one  has  discovered  the  smallest  microscopic  ganglion  in 
the  ear  of  the  rabbit,  any  more  than  in  that  of  the  dog,  or  of 
man.* 

(b).  M.  Schiff  has  endeavoured  to  simplify  and  to  solve  the 
question  of  mechanism  now  under  discussion,  by  admitting  the 
possibility  of  active  vascular  dilatation  by  longitudinal  muscular 
fibres.  But  it  may  be  objected  anatomically,  that  such  instru- 
ments of  dilatation  do  not  exist.^ 

At  present,  however,  this  plea  seems  to  me  to  have  lost  its 
force,  since  M.  Grimbert,  whose  admirable  researches  into  the 
structure  and  texture  of  arteries  I  have  already  had  occasion  to 
quote,  has  discovered  in  some  arteries  the  presence  of  numerous 
longitudinal  and  oblique  muscular  fibres,  intei'lacing  with  the 
horizontal  fibres. 

"  Their  direction "  (the  arterial  muscular  fibres),  he  says,  "  is 
most  frequently  horizontal,  but  it  may  be  oblique,  or  even  longi- 
tudinal." 1 

He  has  shown  the  direction  of  these  fibres  in  several  figures, 
of  which  I  have  reproduced  one  only,  fig.  42,  which  shows  a 


Fig.  42. — Longitudinal  section  of  lunWlical  artery  at  the  base  of  the  cord.  Enlarged  <  00  diameters, 

after  Gimbert.^ 


«  Schiff,  loc.  cit.,  torn,  i.,  p.  271. 

"  M.  Schiff  appears  to  have  abandoned 
hia  hypothesis  of  the  existence  of  longi- 
tudinal muscles,  doubtless  on  account  of 
this  objection.  He  has  written,  indeed, 
in  one  of  his  lectures,  "  Although  the  in- 
strument of  active  dilatation  at  present 
eludes  our  means  of  investigation,  nothing 
has  shown  the  impossibility  of  the  pro- 
cess." All  that  we  can  say,  provisionally, 
is  that,  while  the  mechanism  of  con- 


striction is  directly  explicable  by  micro- 
scopic examination  of  the  vascular  mutjcles, 
the  active  dilatation  appears  to  be  ex- 
traneous to  the  proper  tissues  of  the  ves- 
sels, and  to  be  effected  by  the  intermedia- 
tion of  extra-vascular  tissues. 

'  Gimbert,  loc.  cit.,  p.  SO. 

°  /,  Z,  Longitudinal  muscular  fibres; 
i,  t,  horizontal  muscular  fibres  ;  E,  outer 
coat ;  M,  middle  coat ;  I,  inner  coat. 
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longitudinal  section  of  the  wall  of  an  umbilical  artery,  at  the 
base  of  the  cord,  magnified  700  diameters.  We  see  at  1 1,  says 
M.  Gimbert,  muscular  fibres  implanted  in  an  amorphous  matter, 
homogeneous  and  transparent,  like  grains  of  oats  imbedded  in  a 
homogeneous  and  clastic  mass,  and  also  horizontal  fibres  cut 
transversely. 

M.  Gimbert  has  found  this  anatomical  arrangement  in  several 
arteries,  and  he  purposes  to  search  for  it  in  the  capillaries.  Mani- 
festly, if  it  were  general,  the  question  of  the  mechanism  of  the 
active  dilatation  of  vessels  would  be  singularly  simplified,  and 
would  be  almost  as  firmly  established  as  that  of  the  vaso-motor 
constrictors. 

The  hypothesis  of  longitudinal  muscular  fibres  destined  to 
produce  active  dilatation  is  therefore  verified,  at  least  for  certain 
vessels.  And  what  other  purpose  could  they  serve  than  to  shorten 
the  vessels,  and,  consequently,  to  dilate  them?  Is  it  not  an 
established  fact  in  physics  that  the  capacity  of  an  elastic  tube 
diminishes  or  increases,  accordingly  as  it  is  extended  or  shortened 
longitudinally?  The  arteries  seem  to  favour  these  changes  of 
capacity  by  their  structure,  by  the  fact  of  their  lengthening  or 
shortening.  May  it  not,  indeed,  be  the  case  that  the  elastic 
elements  are,  under  the  form  of  fibres,  the  fundamental  portion  of 
the  middle  coat,  and  that  they  are  arranged  in  all  directions  ? 

In  conclusion,  notwithstanding  the  obscurity  and  the  differences 
of  opinion  which  at  present  prevail  with  regard,  to  the  mechanism 
of  active  dilatation  of  local  blood-vessels,  the  fact  of  the  active 
dilatation  of  vessels,  at  least  as  regards  some  of  them,  is,  even 
anatomically,  perfectly  established  in  my  eyes.  If  it  were  not  so, 
I  should  still  say,  with  M.  Schifi",  "It  would  be  bold  to  deny 
an  obsei-ved  fact,  even  although  we  may  not  understand  its 
mechanism." 

It  is  by  admitting  the  generalization  of  this  important  physio- 
logical fact,  brought  to  light  chiefly  by  M.  CI.  Bernard  (the  active 
dilatation  of  vessels),  that  I  have  been  able  to  render  an  explana- 
tion not  only  of  the  active  hypersemia  produced  immediately  by 
localized  faradization,  in  the  treatment  of  paralysis  consecutive  to 
lesions  of  the  spinal  centre,  or  of  the  nerves  proceeding  from  it, 
but  also  of  one  of  the  principal  therapeutic  results,  appreciable 
between  the  applications;  namely,  the  augmentation  of  the 
activity  of  the  local  circulation,  and  of  the  tonic  force  of  the 
vessels,  appreciable  especially  by  the  reappearance,  from  develop- 
ment, of  the  cutaneous  veins,  and  from  the  coloration  and 
the  normal  temperature  of  the  skin,  without  complication  with 
hypersemia. 
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III. — Nerves  acting  directly  upon  the  nutrition  op 

THE  TISSUES. 

The  increase  of  activity  of  the  local  circulation  does  not  suiBce 
to  explain  certain  pathological  states.  This  idea  had  taken  root 
in  some  minds  before  it  was  confirmed,  at  least  in  part,  by  patho- 
logical anatomy. 

A.  — Theory  of  M.  Brown- Sequard ;  opinion  of  M.  Virchow. — 
M.  Brown-Sequard  was  the  first  to  express  clearly  this  important 
view,  in  the  lectures  which  he  published  in  1858,  and  republished 
in  1860.3 

"The  nervous  system,"  he  says,  "determines  an  increase  of  the 
attraction  exerted  upon  the  blood  by  the  living  tissues,  and,  in 
this  case,  the  phenomenon  is  attended  by  dilatation  of  the  blood- 
vessels. The  nervous  system  ads  directly  and  originally  upon  the 
parenchyma  of  the  tissues."  Elsewhere  he  writes  again,  "The 
simple  fact  of  an  increase  or  a  diminution  in  the  quantity  of  blood 
that  passes  through  a  part  of  the  body  in  a  given  time,  assuredly 
suffices  to  explain  the  pliysiological  changes,  and  some  of  the 
morbid  modifications,  which  we  habitually  obseiTe  in  secretion  and 
in  nutrition ;  hut  some  other  pathological  states  seem  to  require  for 
their  production,  something  more  than  a  simple  change  in  the  qiuintity 
of  Mood. 

"  An  inflammation,  for  example,  cannot  he  explained  hy  a  modifi- 
cation of  this  Tcind,  because,  after  section  of  the  cervical  sym- 
pathetic, we  see  a  considerable  increase  of  blood  occur  in  the  eye, 
tlie  ear,  &c.,  and  continue  during  many  weeks  or  mouths  without 
producing  inflammation.  It  is  true  that  the  morbid  action  (in- 
flammation) developes  itself  much  more  easily  in  these  parts  than 
in  others ;  but,  I  repeat,  it  does  not  manifest  itself  spontaneously, 
as  a  pure  and  simple  consequence  of  increase  in  the  quantity  of 
blood.  It  is  therefore  necessary  to  admit  that,  ivlien  a  nervous 
influence  acts  upon  certain  tissues  so  as  to  produce  inflammation, 
the  principal  cause  of  the  morhid  process  is  not  the  increase  in  tlie 
quantity  of  hlood,  hut  rather  the  modifications  which  the  tissues 
wndergo,  and  which  produce  an  unusual  attraction  for  arterial 
hlood^ 

B.  — Almost  at  the  same  time  Virchow  also  declared  that  modi- 
fications of  nutrition  did  not  depend,  directly,  upon  the  larger  or 
smaller  quantity  of  blood  that  circulated  through  the  part.  But, 
resting  upon  the  experiments  of  CI.  Bernard,  who  showed  that 


'  BrowB-Sequard, '  Central  Nervoua  System,' Philadelpliia,  1860,  p.  172. 
*  Ibid.,  loc.  cit. 


THERAPEUTIC  VALUE  OF  LOCALIZED  FARADIZATION.  165 


section  of  the  great  sympathetic  produced  no  other  result  than  an 
increase  of  the  local  circulation  and  calorification,  without  partici- 
pation of  cells  or  morbid  action,  and  without  inflammation,  he 
argued  against  those  (the  neurists),  who  held  that  nutrition  was 
under  the  control  of  innervation,  and  maintained  that  the  pro- 
perties of  the  cells  themselves  were  the  essential  causes  of  nutritive 
phenomena. 

"  The  increase  in  the  nutrition  of  parts,"  he  wrote,  "  should 
much  rather  be  attributed  to  certain  conditions  of  tissue  (irrita- 
tion) ;  conditions  which  are  able  to  modify  the  affinities  of  the 
tissues  for  the  various  principles  of  the  blood,  or  to  the  presence 
in  the  blood  of  certain  substances  possessing  a  special  attraction 
for  certain  parts  of  the  body.^ 

It  is  well  known  that  a  distinguished  pathologist,  M.  Spiess,  has 
maintained,  in  opposition  to  Virchow,  that  nutrition  is  always 
under  the  control  of  innervation.^ 

For  myself,  I  have  so  often  seen  alterations  of  peripheral 
nutrition  supervene  consecutively  to  lesions  of  certain  points  of 
the  nervous  centres  or  of  nerves,  that  it  would  be  impossible  for 
me  to  overlook  the  influence  that  innervation  exerts  upon  nutri- 
tion. It  was  in  reference  to  the  difiiculty  of  explaining  these 
alterations  of  nutrition,  consecutive  to  nervous  lesion,  that  I  found 
occasion  to  say,  if  there  luere  no  trojjhic  nerves  it  would  he  necessary 
to  invent  them. 

C, — Troj^hic  nerves  of  Samuel. — Such  were  the  ideas  entertained 
in  1858  by  Brown-Sequard  and  Virchow,  upon  the  influence  of 
the  nervous  system  in  the  production  of  the  phenomena  of  nutri- 
tion and  secretion,  when,  in  1860,  Samuel  endeavoured  to  give 
shape  to  notions  analogous  to  those  of  Brown-Sequard,  by  suggest- 
ing an  anatomical  and  physiological  description  of  the  nerves 
which  have  for  their  function  directly  to  support  the  nutritive 
activity  of  the  tissues. 

This  learned  observer  has  shown,  in  a  highly  interesting  volume," 
the  direct,  and  indirect,  action  of  the  nervous  system  upon  nutrition  ; 
he  has  inquired  what  are  the  affections  of  this  system,  which 
occasion  various  disorders,  and  he  has  come  to  the  conclusion, 
from  experiments  upon  animals,  and  from  clinical  observation  on 
man,  that  there  are  certain  special  fibres  which  he  has  denominated 
trophic  nerves. 

The  following  is  a  summary  of  the  chief  facts  upon  which 
he  rests  his  doctrine.    According  to  him,  inflammation  cannot  be 


'  Virchow,  Tm  Pathologie  celltdaire,  etc. 
3rd  edition,  Paris,  18G8. 
°  Spiess,    Pathologische  Fhysiologie, 


Fninkfurt-am-Main,  1857. 

'  Samuel,  Trophiachen  Nerven.  Leip- 
sig,  18G0. 
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produced  either  by  excitation  or  by  paralysis  of  the  vascular 
nerves ;  but,  when  the  spinal  nerves  are  irritated  experimeutully, 
the  parts  supplied  by  them  become  inflamed ;  licnce  these  nerves 
contain  special  fibres  which  may  be  called  trophie.  Irritation 
of  these  produces  acute  inflammation,  with  rapid  proliferation  of 
cells ;  their  paralysis  is  followed  by  wasting  of  the  tissues.  They 
do  not  produce  chemical  changes,  but  excite  only  the  nutritive 
activity  of  the  cells  and  tissues.  In  the  neuralgias  attended  by 
eruption,  the  inflammation  attacks  both  the  sensitive  and  the 
trophic  nerves,  whence  the  simultaneous  occurrence  of  pain  and  of 
nutritive  disturbance.  The  trophic  nerves  originate  in  tlie  spinal 
ganglia,  or  in  others  corresponding  to  them, — the  Gasserian,  for 
example.  They  have  a  centrifugal  direction.  The  I'oundation, 
the  principle,  the  cause  of  nutrition  is  in  the  cells ;  its  measure  is 
in  the  trophic  nerves. 

D. — Hie  clinical  and  anaiomo-pathological  facts  observed  by 
Bdrensprung  and  Charcot  realise  only  in  part  the  theoretical  ideas 
of  M.  Samuel,  (a).  Exposition  of  the  facts.  The  hyjDothesis  of  the 
existence  of  trophic  nerves  began  to  be  realised,  in  part  at  least, 
(so  far  as  concerns  the  presence  in  the  spinal  ganglia  of  nervous 
fibres,  exerting  an  evident  action  upon  the  nutrition  of  the  skin), 
from  the  time  when  Professor  Barensprung  discovered  an  alteration 
of  the  intervertebral  ganglia,  in  a  case  of  herpes  zoster  occupying 
a  region  that  was  in  relations  of  innervation  with  them.* 

Case  X. — Summary. — A  zona,  occtirring  without  known  cause,  in  a  tuber- 
culous boy  one  year  old,  extended  fi'om  the  sixth  to  the  ninth  rib.  More 
than  two  inches  in  width,  it  commenced  posteriorly,  not  far  from  the  middle 
line,  from  the  sixth  to  the  eighth  vertebra,  and  forming  a  demi-cinctm-e,  it 
terminated  exactly  below  the  ensiform  cartilage.  The  boy  completely  re- 
covered from  his  zona,  which  followed  a  regular  coui'se,  but  died  from 
phthisis  six  weeks  after  the  zona  commenced.  The  siiinal  yanglia  corre- 
sponding to  the  sixth,  seventh,  and  eighth  nerves,  loere  firmly  adherent  to  the 
parietes  of  the  intervertebral  canal.  The  cellular  tissue  in  their  neighbourhood 
exhibited  inflammatory  redness,  and  the  ganglia,  as  a  whole,  were  increased  in 
volume.  The  microscope  shewed  that  the  neurilemma  also  presented  im- 
questionable  traces  of  inflammation.  There  were,  properly  speaking,  no 
changes  in  either  the  nervous  elements  of  the  ganglia  or  in  those  of  the 
nerves. 


'  Barensprung,  Case  XXXVI.  AUera- 
tinn  of  many  special  qcmcjlia  and  of  the 
corresponding  intercostal  nerves.  "  Zona," 
Ann.  Gharit(f-Kranl{h,  Berlin,  vol.  xi., 
18(33,  p.  96. 

This)  learned  physician  is  the  author 
of  the  most  important  treatise  which  has 
been  piiblislied  of  late  years,  upon  heri)es 
zoster.  At  tlie  close  of  liis  first  memoir, 
in  whicli  ho  has  brought  together  lifty- 
five  new  and  important  cases,  he  states, 
for  the  first  time,  and  before  he  had 


ascertained  the  anatomical  fact  mentioned 
above,  his  theory  of  Zona.  "  In  conclu- 
sion," ho  says,  "  zona  is  an  affection  of 
the  ganglionic  portions  of  the  nervous 
system ;  it  follows  csj^eciallY  from  irrita- 
tion of  the  spinal  ganglia,  or  of  the  gas- 
serian ganglion.  However,  an  irritation 
of  the  peripheral  portions  of  nerves 
whicli  contain  fibres  proceeding  from 
these  ganglia,  may  also  be  followed  by 
a  vesicular  eruption." 
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Case  XI.— Tho  foregoing  has  been  confirmed  by  another  case  seen  by 
M.  Charcot,  in  1865,  in  a  woman  seventy-eight  years  of  age,  who  was  under 
his  cai-e  at  the  Saltpetiiere.  In  this  case  the  intervertebral  ganglia  and 
intercostal  nerves,  corresponding  to  the  surface  attacked  by  the  zona,  pre- 
sented precisely  the  same  appeai-ance  as  in  that  last  described." 

(b).  Critical  examination.  —  The  following,  I  think,  are  the 
deductions  that  should  be  drawn  from  the  anatomo-pathological 
facts  of  Barensprung  and  Charcot.  1.  Inflammation  of  spinal 
ganglia  anatomically  characterised,  by  a  well-marked  vascular 
injection,  and  a  proliferation  of  the  perineuriue,  without  lesion  of 
nutrition,  or  with  only  a  slight  change  of  the  nervous  elements, 
produces,  in  the  portions  of  skin  which  receive  innervation  from 
the  parts  affected,  a  special  lesion  of  nutrition,  of  the  nature  of 
zoster.  2.  The  neuralgia  which  accompanies  the  zona  is  the 
result  of  excitation  of  the  sensitive  nerve-filaments  which  pass 
through  the  ganglion.  3.  The  spinal  gangHa  contain  the  trophic 
nerve-filaments  of  the  skin.  But  the  anatomo-pathological  facts  in 
no  way  confirm  the  general  doctrine  of  Samuel  and  Barensprung, 
who  maintain  that  the  trophic  nerves  originate  in  the  spinal  ganglia. 

M.  Charcot,  a  more  strict  observer,  and  one  who  never  goes 
beyond  his  facts,  has  been  too  careful  to  draw  any  general  con- 
clusion from  his  own  particular  case. 

The  clinical  facts  do  not  prove,  indeed,  that  other  parts  of  the 
nervous  centres  may  not  contain  trophic  nerves  of  the  skin. 
Clinical  observation  shows,  moreover,  that,  under  certain  circum- 
stances, lesions  of  the  cord  will  alter  the  nutrition  of  the  skin  and 
of  the  subcutaneous  cellular  tissue.  Of  this  I  could  cite  many 
examples  from  my  practice.  Thus,  in  infantile  spinal  paralysis, 
the  anatomical  lesion  of  which  is  a  wasting  or  destruction  of  the 
cells  and  a  fibroid  metamorphosis  of  the  anterior  cornua,^  whenever 
a  muscle  has  been  attacked  in  its  nutrition  and  texture  (granular 
or  fatty  degeneration),  I  liave  observed  that  the  subcutaneous 
cellular  tissue  covering  it  was  hypertrophied,  and  sometimes  that 
the  nutrition  of  the  skin  was  altered  in  various  ways.  These  con- 
ditions will  be  more  fully  described  in  the  chapter  which  treats  of 
the  spinal  or  fatty  atrophic  paralysis  of  infancy. 

I  should  observe,  also,  that  inflammation  of  the  spinal  ganglia 
produces  no  lesion  of  nutrition  excepting  in  the  skin.  How,  then, 
shall  we  explain  the  alterations  of  nutrition  of  the  muscular  and 
even  of  the  osseous  system,  which  have  been  observed  consecutively 

"  Charcot  et  Cotard.  Alteration  (n^u-  vered  in  1866  by  M.  Prcvost,  interne  to 
rite)  du,  plexus  ctrvicul  et  des  gungUons  M.  Vuli)ian,  lias  been  confirmed  by  a 
corrcspondants  des  ntcineg  spinules  pos-  recent  autopsy  in  a  ease  of  infantile 
terieurus,  Zona  du  cou  {Memoires  do  i  paralysis,  communicated  to  mo  by  M. 
Ztt  Sockntf  de  biologie,  1865,  p.  47).  :  Charcot. 

"  This  anatomo-pathological  fact,  dis- 
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to  certain  lesions  of  the  cord,  if,  as  Samuel  and  Barenspruno- 
believe,  the  trophic  nerves  take  their  origin  only  from  the  spinal 
ganglia.  I  shall  hereafter  describe  cases  which  sliow,  in  the 
spinal  disease  of  infancy,  the  muscular  nutrition  suffering  more 
profoundly  than  the  osseous,  and  vice  versa. 

It  is  well  known  that  peripheral  nervous  lesions  produce  various 
changes  in  the  skin,  which  prove  the  presence  of  cutaneous 
trophic  filaments  in  the  peripheral  nerves.  This  fact,  first  pointed 
out  by  the  illustrious  English  surgeon,  Mr.  Paget,^  has  been  con- 
firmed by  other  observers.  I  remember  that  I  have  myself  often 
witnessed  it ;  but  I  must  confess  that  I  did  not  perceive  its  im- 
jDortance,  or,  at  least,  that  I  did  not  investigate  its  mechanism. 

I  should  observe,  also,  that  in  progressive  locomotor  ataxy 
(sclerosis  of  the  posterior  columns  of  the  cord),  and  in  secondary 
sclerosis  of  the  lateral  columns,  consecutive  to  haemorrhage  in  the 
corpora  striata,  we  sometimes  have  lesions  of  nutrition  of  the  skin 
(eschars),  of  the  articulations,  and  of  the  tendinous  sheaths  (arthro- 
pathies). These  important  facts  have  been  discovered  bv  M. 
Charcot.^ 

The  foregoing  facts  and  considerations  seem  to  me  to  show  that 
the  origin  of  the  anatomical  elements  of  the  spinal  ganglia  is  sub- 
ject to  a  general  law  of  centralization ;  which  it  is  the  tendency  of 
physiological  experiment,  and  of  clinical  observation,  more  and  more 
to  establish.  Thus,  the  great  sympathetic  was  considered  as  a 
kind  of  nervous  centre  independent  of  the  spinal  centre ;  but 
observations  and  experiments  have  shown  that  lesions  of  the  cord 
and  of  the  medulla  produce,  in  local  circulations,  disorders  analogous 
to  those  which  follow  direct  lesions  of  the  sympathetic.  These 
facts  prove  the  existence  of  nervous  fibres  of  the  great  sympathetic, 
in  the  points  of  the  sj)inal  centre  from  which  the  nerves  producing 
such  disorders  take  their  origin.  In  the  same  way  it  has  been 
shown  that  the  spinal  ganglia  should  not  be  considered  as  the 
exclusive  centres  of  the  trophic  nerves  in  general,  nor  even  of 
the  cutaneous  trophic  nerves,  which  seem  only  to  hold  to  them  a 
relation  of  particular  dependence. 

Vj. — Anatomical  considerations. — (a).  According  to  Eiirensprung, 
anatomy  shows  that  the  spinal  ganglia  are  nervous  centres,  the 
unipolar  cells  of  which  do  not  communicate  with  the  spinal  cord. 
He  rests  upon  the  opinion  of  Kolliker,  who  wrote:  "As  far  as  I 


Paget,  '  Surgical  Pathology,'  Vol.  i., 
'Mc<lical  Times.' 1864. 

■'  Charcot,  ]\'ol,<;  sur  la  formation  rapide 
d'une  escharre  a  lafissc  du  cotg  parahjs^ 
dans  I'lttfmiplL^gio  re'cente  de  cauee  C(fr(f- 
hrale  {Archives  de  physiologic  normale  ct 


patMogique,  torn,  i.,  186S,  pp.  308-313).— 
iStir  quelques  arthropathies  qui  paraifi'cnt 
d<fpeudre  d'une  lesion  du  ccrveau  ou  de  hi 
moelle  c'pinicre  (Idem.,  pp.  161-178,  379- 
400,  PI.  G). 
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Iiave  been  able  to  observe,  tliere  is  noi'in  the  ganglia  any  relation  of 
contimdtij  letiveen  the  posterior  roots  and  the  ganglionic  globules.  It 
follows  that  each  ganglion  should  perhaps  le  considered  as  a  source  of 
nexv  filres.  In  man  and  tlie  mammalia,  I  have  shown  the  existence 
of  unipolar  cells ;  and  I  believe  I  may  even  affirm  that  these  cells 
are  very  numerous."  * 

This  opinion  of  KoUiker's  is  in  opposition  to  that  of  anatomists 
in  general,  who  believe  that  most  of  the  cells  possess  two  poles,  of 
which  one  is  continuous  with  the  spinal  cord,  the  other  with  a 
peripheral  nerve-fibre.  It  cannot,  moreover,  be  sustained,  in 
the  presence  of  my  own  icono-photographic  researches.  In  the 
longitudinal  sections  of  the  spinal  ganglia  that  I  have  photo- 
graphed, I  have  found  cells  apolar,  unipolar,  and  bipolar,  the 
number  of  one  or  of  the  other  predominating  according  to 
the  chances  of  the  section.    Fig.  43,  which  represents  a  longi- 


Fig.  43.— Longitudinal  seclion  of  a  spinal  RunElion  IVom  thu  cervical  region,  photographed  and 

heliographed  to  '21  diameters. 


-1  Ki'lliker,  El(fmen(s  d'Mstohgie  humaiiie :  "Structure  des  ganglions  spinaux,"  p. 
355j  1856. 
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tudinal  section  of  a  sj)inal  ganglion  in  the  cervical  region,  and 
whicli  has  been  heliographed  after  a  direct  photograph  of  21 
diameters,  is  an  example.  We  see,  in  this  figure,  that  the  cells 
are  collected  in  great  numbers  towards  the  walls  of  the  gang- 
lion (an  anatomical  arrangement  that  I  have  found  in  all  the 
sections  of  spinal  ganglia,  whether  longitudinal  or  transverse,  that 
I  have  made).  It  will  be  remarked  that,  towards  the  free  margin 
a  a  of  this  longitudinal  section,  nearly  all  the  cells  are  apolar  (their 
circular  form  is  distinct),  while  on  the  opposite  side,  h  h,  in  tlie 
vicinity  of  the  posterior  root,  the  cells  are  bipolar  and  unipolar, 
as  shown  by  their  pear-shaped  or  oval  outline.  Well,  sometimes 
the  reverse  is  the  case ;  which  proves  that  the  appearances  depend 
upon  the  chance  of  the  section  having  been  made  through  a 
greater  or  less  number  of  such  or  such  cells.  It  is  difficult  to  say, 
even  approximatively,  what  is  the  proportion  of  bipolar  or  uni- 
polar cells,  for  sometimes  the  number  of  bipolar  cells  is  the 
greatest,  sometimes  the  contrary  ;  and  it  is,  moreover,  conceivable 
that  cells  which  appear  to  be  apolar  in  a  given  section,  may  be 
bipolar  in  reality. 

KoUiker  says  also : — "  Even  whei-e  a  cell  gives  off  two  pro- 
longations, it  does  not  follow  that  one  of  them  must  be  centripetal, 
and  the  other  centrifugal :  on  the  contrary,  both  may  be  directed 
towards  the  periphery ;  at  least  this  is  what  is  seen  in  examining 
very  small  ganglia.  Stannius  himself  found,  in  bipolar  cells,  the 
two  prolongations  uniting  the  one  with  the  other."  ^ 

In  not  one  of  my  longitudinal  sections  of  spinal  ganglia,  have  I 
met  with  this  peripheral  direction  of  the  poles  of  bipolar  cells. 
The  poles  always  extend  in  opposite  directions,  one  towards  the 
cord,  the  other  towards  the  surface,  as  shown  in  fig.  44,  drawn 
from  a  photograph  taken  from  nature  to  200  diameters,  at  the 
point  G  of  fig.  43,  which,  as  already  described,  represents  a  photo- 
graph, to  21  diameters,  of  a  spinal  ganglion.  Fig.  44  shows  an 
apolar  cell,  a,  two  small  unipolar  cells,  h,  V,  and  two  large  bipolar 
cells,  c,  G. 

All  my  transverse  sections  of  spinal  ganglia  have  shown  a  certain 
number  of  cells  that  were  each  in  communication  with  another 
cell,  more  or  less  near  to  them,  by  means  of  a  lateral  prolonga- 
tion, the  texture  of  which,  at  least,  was  in  all  respects  like  that  of 
the  central  or  peripheral  prolongations;  the  lateral  prolongation, 
arising  from  the  middle  portion  of  the  cell,  appeared  to  be  a  sort 
of  nucleated  sheath,  which  was  continuous  with  the  nucleated 
reticular  envelope  of  the  cell.    I  think  I  am  entitled  to  conclude, 


»  Kollikcr,  loc.  cii.,  p.  357. 
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from  these  anatomical  facts,  that  the  spinal  ganglia,  without  doubt, 
contain  tripolar  cells,  of  which  two  poles  are  continued  respectively 


Fig.  44. — Colls  photographed  and  heliographpd  to  200  diimieters,  at  the  point  c  of  the  spinal 
ganglion  photographed  to  21  diameters  in  Fig.  43.'' 

ill  a  central  and  a  peripheral  direction,  like  those  of  the  cells  e  and 
c'  in  fig.  43,  and  the  third,  in  a  lateral  direction. 

If  we  suppose  that,  in  endeavouring  to  isolate  a  tripolar  cell,  its 
central  pole  had  been  broken  in  preparation,  we  should  have  the 
appearance  of  a  cell  the  two  poles  of  which  had  a  peripheral 
direction,  as  in  the  bipolar  cells  described  by  Kolliker. 

In  conclusion,  it  has  been  shown  that  the  cells  of  the  spinal 
ganglia  communicate  anatomically,  in  part  at  least,  with  the 
spinal  cord ;  and  that  we  should  not  consider  these  ganglia  as 
the  centres  of  the  trophic  nervous  filaments.  Are  they,  possibly, 
organs  of  re-inforcement  for  the  trophic  nerves  of  the  skin  ? 

From  these  data  many  clinical  facts  receive  their  explanation. 
Thus,  inflammation  of  certain  portions  of  the  cord  is  not  only 
followed  by  atrophy,  with  granular  or  granulo-fatty  degeneration 
of  muscles,  and  by  atrophy  of  bone,  but  also  by  a  slight  lesion  of 
nutrition  of  the  skin,  which  becomes  more  or  less  wrinkled,  scaly, 
and  earthy,  and,  lastly,  by  decrease  of  temperature,  with  hyper- 
plasia of  the  subcutaneous  cellular  tissue,  in  the  locality  of  the 
wasted  muscles.  I  have  observed  this  assemblage  of  phenomena 
hundreds  of  times  in  the  spinal  paralysis  of  infancy ;  the  anatomical 
cause  of  which,  as  shown  by  several  autopsies,  is  situated  in  the 


"  a,  apolar  cell ;  h,  h',  two  small  unipolar 
cells ;  c,  c',  two  large  bipolar  colls.  Tiic 
cell  c,  cut  tliroiigli  the  middle,  displays 


its  granular  contents  and  nucleus,  which 
aro  iiiddcn  in  the  cell  c'  by  its  reticular 
covering. 
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anterior  cornua  (I  shall  hereafter  describe  its  anatomical  characters). 
To  the  above  described  disorders  of  nutrition  will  be  added  a  more 
grave  alteration  in  the  skin,  such  as  herpes  or  eschar,  when  the 
inflammation  attacks  not  only  the  cord,  but  also  the  spinal  ganglia, 
organs  of  re-inforcement  of  the  trophic  nerves  of  the  skin.  I  have 
seen  this  happen  a  certain  number  of  times,  consecutively  to  frac- 
tures of  the  vertebral  column,  in  which,  at  the  place  of  injury,  tlie 
cord  and  the  ganglia  ht\d  been  entirely  destroyed,  either  by 
the  injury  itself,  or  by  consecutive  inflammation.  I  do  not  doubt, 
that  the  same  lesions  of  nutrition  will  be  found  in  cases  of  spon- 
taneous and  simultaneous  inliammation  of  the  cord  and  the  spinal 
ganglia,  when  it  is  no  longer  customary  to  neglect,  as  at  present, 
to  examine  the  condition  of  these  organs.  Lastly,  when  the  inflam- 
mation is  limited  to  the  spinal  ganglia,  it  will  produce  alterations  of 
nutrition  limited  to  the  skin.  This  is  what  has  been  observed  in 
the  cases  of  zona  published  by  Barensprung  and  Charcot. 

(h).  It  follows,  from  tlie  facts  and  the  considerations  above  set 
forth,  that  the  cerebro-spinal  centre  contains  the  nervous  filaments 
which  promote  local  circulation,  and  the  nutrition  of  the  tissues. 
What,  then,  should  be  the  distinctive  characters  of  these  iilaraents? 
If  this  question  be  one  day  answered,  it  will  be  only  by  the  con- 
currence of  clmical  observation  with  pathological  anatomy.  At 
present  I  only  attempt  to  call  attention  to  it,  in  recording  an 

anatomical  fact  tliat  my  icono-photo- 
graphic  researches  have  brought  under 
my  observation. 

In  all  the  transverse  sections  tliat 
I  have  made,  at  different  heights, 
through  the  cord,  the  medulla,  and 
the  anterior  and  posterior  roots,  I  have 
found  a  multitude  of  nervous  tubes, 
about  0-""-0033  in  diameter,  scattered 
in  groups  among  the  motor  or  sensory 
tubes,  of  a  diameter  ranging  from 
O-mm-oi  to  0-02  and  0-03.  This  ana- 
tomical fact  has  been  brought  to  light 
by  the  photographs  of  the  transverse 


a  y  zoo 


X  7.00 


irijr.  .13. — Transverse  section  of  tlie  nerve- 
tubes  of  a  sympathetic  ganglion,  enlarged 
200  dianietei-s  at  a  and  b,  and  -luo  diameters 

at  c;  and  of  the  anterior  column  of  the  ^      ^  t  n-il,„ 

cervical  enlargement  of  the  cord,  enlarged  SCCtlOnS    01    tue   SCVCrai  partS.       i  UG 

4oodia,neter.s.ata.  f^gmes  45  and  46  havc  been  drawn 
from  two  such  sections.^    They  show  a  great  number  of  these 


'  I  Hont  soniG  of  these  photographs  to  |  scattered  through  nil  points  of  the 
the  AimUmie  des  ScicHces,  in  18G4,  imd  medulla,  the  eord,  and  the  sjiinal  rwts, 
culled  attention  to  the  niinibcr  of  .small  and  mixed  with  nerve  tubes  of  O  n"°-01, 
nervous  tubes,  of  0-'""''0033,  that  were   0'02,  oud  0-03. 
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small  nerve-tubes  placed  between  much  larger  tubes,  and 
appearing  in  the  transverse  sections  of:  1.  the  anterior  column 


Fig.  46. — ^Transverse  section  of  nerve-tubes  at  different  iielglits  in  tlie  medulla  at  e  and  /, 

and  in  a  posterior  root  at  g. 

at  the  cervical  enlargement,  at  d,  fig.  45,  to  200  diameters ;  2.  the 
antero-lateral  column  of  the  lower  portion  of  the  medulla,  at  e, 
fig.  46,  to  400  ;  3.  at  the  level  of  the  calamus  scriptorius,  at 
/,  to  400  ;  4.  of  a  posterior  spinal  root,  at  g,  to  400. 

All  the  groups  of  minute  nerve-tubes  in  the  columns  of  the 
spinal  cord,  and  in  the  anterior  and  posterior  roots,  are  far  from 
being  conclusive  examples;  and  I  have  selected  those  depicted  at 
d,  e,  f,  and  g,  in  support  of  my  thesis. 

I  should  also  remark  that  the  minute  nerve-tubes  present  the 
same  diameter  as  those  of  the  tubes  represented  at  a,  h,  and  c,  in 
fig.  45,  which  have  been  drawn  from  different  transverse  sections 
of  sympathetic  ganglia,  photographed,  at  a  and  h  to  200,  and  at  c 
to  400  diameters. 

Are  they,  in  part,  the  origins  of  the  great  sympathetic,  and  do 
they  contain,  besides,  the  dilatator  nerves  of  the  vessels  and  the 
trophic  nerves  ?  The  investigations  I  have  made  induce  me  to 
admit  the  hypothesis;  but  I  repeat  that  I  have  no  higher  pre- 
tension than  to  raise  the  question. 

Part  the  Fourth. 

THE  therapeutic  VALUE  OF  GALVANIZATION  BY  INTERRUPTED 
CURRENTS,  AND  BY  CONTINUOUS  CURRENTS.  DIRECT  OR  IN- 
DIRECT. 

§  I. — Historical  (early  experiments.) 

The  experiments  that  have  been  made  upon  the  important 
question  that  forms  the  subject  of  this  paragraph  are  so  numerous, 
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that  they  would  furnish  subject  matter  for  more  than  one  volume, 
if  it  were  necessary  for  me  to  describe  them  in  detail.  Not 
wishing  to  exceed  the  limits  that  I  have  set  myself,  I  am  com- 
pelled to  give  only  a  brief  summary  of  the  principal  facts  that 
have  been  brought  to  light  by  these  experiments. 

At  the  commencement  of  my  own  researches,  galvanic  excita- 
tion of  nerve-trunks  by  continuous  currents  appeared  to  me  to 
be  the  method  of  electrization  most  applicable  to  paralysis  in 
general.  I  knew  that  Alexander  von  Humboldt,  in  1795,  had 
opened  the  way  to  galvanic  treatment,  by  an  experiment  made 
upon  himself  that  is  too  well  known  to  be  related  here,  as  well  as 
by  the  general  impulse  which  he  had  given  to  such  researches. 
My  reading  had  also  informed  me  that,  immediately  after  the 
discovery  of  the  pile  by  Volta,  galvanic  currents  had  been  applied, 
in  Grermany,  to  the  treatment  of  some  forms  of  paralysis  and  of 
nervous  affection  until  1804  or  1805,*  and  that  these  therapeutic 
experiments  had  been  repeated  in  1823  by  Aldini,  and  afterwards 
by  Nobili  and  Matteuci. 

It  seemed  to  me  that  the  discoveries  of  Galvani,^  Volta,'  Eitter,^ 
Alexander  von  Humboldt,^  Jean  Aldini,*  Valli,*  Lehot,®  and,  since 
1827,  those  of  Marianini,'''  Nobili,®  and  Matteuci,^  were  alone  suffi- 
cient to  furnish  the  elements  of  a  rational  electric  treatment. 
Their  works  taught  that,  in  animals,  it  was  possible  to  destroy  or 


^  The  following  are  the  jniucipal  authors 
who,  from  1797  to  1823,  have  followed  the 
experiments  of  Humboldt,  with  regard  to 
the  therapeutic  action  of  galvanic  cur- 
rents :  — Loder,  Journal  fiir  Ghirurgie,  torn, 
iii. ;  Grappengiesser,  Versuclie  den  Gal- 
vanismus  zur  Heilung  einiger  KranJdieiien 
anzuioenden.  Berlin,  1808.  Augustin,  Ver- 
such  einer  vollstdndigen  SystemgeschicMe  ; 
Struve,  System  der  medizinisclien  Electri- 
citatheher  mit  KiicltsiuM  auf  den  Gal- 
vanismus.  Breslau  and  Leipzig,  1802. 

"  Galvani,  (Swr  I'irritabiUte' licdl^rienne, 
Me'motres  communique's  a  I'lnstitut  de 
Bologne,  9  Avril,  1772 ;  Siir  les  mouve- 
ments  musctdaires  des  grenouilles,  22  Avril, 
1773  ;  Sv.r  I'action  de  I'npium  sur  las  nerfs 
des  grenouilles,  mi;  Gommentaii-e  JJe 
virihus  eleclricitatis,  1791. 

1  Volta,  Collezione  delle  opere.  Firenze, 
181G. 

2  V.  Kitter,  Freuves  quv.n  gcdvanisme 
independant  accompagne  le  processus  vitcd 
dans  le  regno  animal.  Weimar,  1798. 

3  A.  von  Humboldt,  Versuclie  iiber  die 
gercizte  Muslccl  und  Nerven  faser.  Poscn 
and  Berlin,  1797,  tom.  i.  324.  Expcfri- 
ences  sur  le  gulvanisme.  Paris,  1793. 

Aldini,  Essai  tluforique  et  experi- 
mental sur  le  galvanisme.  Paris,  1804. 


°  Valli,  Lettres  sur  Ve'lectriciM  a  Des- 
genettes  et  de  Lame'trie,  1792. 

"  Lehot,  Mtfmoire  lu  a  I'lnstitut,  26 
Frimaire,  an.  IX. 

'  Marianini,  M^moire  sur  la  secousse 
qu'eprouvent  les  animaux  au  moment  oil 
ils  cessent  de  servir  d'arc,  au  moment  oii  ils 
eessent  de  servir  de  communication  entre 
les  poles  d\in  electro  moteur,  et  sur  quelques 
autres  pMnomcnes  physioloijique<  produits 
par  V (Electricity  {Aniiales  de  Chimie  et 
de  Physique  de  Gay-Lussac  et  Aratjo. 
Paris,  1829,  tom.  xl.).  M^moire  sur  le 
ph(fnomene  ^lectro-physiologiqtte  des  alter- 
natives voltaiques,  c'cst-a-dire  sur  les  plic'no- 
menesque  prtfsentent  les  muscles  des  animaux 
rc'cemment  <«^s,s/  Von  soumet  lougtcmps  ces 
muscles  au  cmirant  ^lectrique  {Annates  de 
Chimie  et  de  Physique.  Paris,  1834,  tom. 
Ivi.) 

Nobili,  Analisi  sperimentali  e  teorira 
degli  effetii  elect ro-fisiologici  della  raiia, 
con  un'  Appendiee  intorno  alia  natura  del 
tetano,  delta  paralisi,ed  al  modo  di  curare 
queste  due  malattie  coUa  cletlricita.  Fi- 
renze, 1834. 

"  Matteuci,  Traits  des  plufnomenes  €leo- 
tro-physiologiqties  des  animaux.  Paris, 
1844. 
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to  diminish,  the  excitability  of  a  uerve,  and  at  the  same  time  to 
paralyse  the  limb  under  its  control,  by  maintaining  for  a  given 
time  the  passage  through  the  nerve  of  a  continuous  current  of  a 
certain  intensity ;  that,  by  an  intermittent  direct  or  inverse  cur- 
rent,^ directed  upon  the  nerve  thus  modified  in  its  excitability  by 
the  continuous  current,  one  could  act  upon  the  contractility,  or 
upon  the  sensibility ;  and  that  it  was  possible  to  re-establish 
the  excitability  of  the  same  nerves,  by  causing  them  to  be  tra- 
versed by  currents  in  the  contrary  directions  (alternative  voltaic 
currents.) 

From  the  principal  facts  established  by  a  series  of  experiments 
upon  animals,  Matteuci  thought  himself  able  to  draw  electro- 
therapeutic  deductions.  Of  these,  I  will  only  cite  the  more 
important.  In  speaking  of  the  application  of  the  various  galvanic 
currents  to  the  treatment  of  paralysis,  this  skilful  physicist  says : — 
"  We  must  admit  that,  in  some  cases  of  paralysis,  the  nerves  of 
the  limbs  are  altered  in  a  manner  analogous  to  the  alteration 
which  is  produced  by  the  continuous  passage  of  an  electric 
current.  We  have  seen  that,  in  order  to  restore  to  a  nerve 
the  excitability  which  has  been  lost  by  the  passage  of  a  current, 
it  is  necessary  to  expose  it  to  the  action  of  a  current  travelling  in 
an  oiyposite  direction.  In  the  same  way,  to  remove  a  paralysis, 
we  should  cause  the  passage  of  a  current  in  an  opposite  direction 
to  that  which  would  have  produced  it.  We  hence  suppose  that 
the  paralysis  that  is  to  be  subjected  to  electrical  treatment  is 
either  of  sensation  or  of  motion  only.  Thus,  for  paralysis  of 
motion,  it  is  the  inverse  current  that  should  be  applied ;  and  for 
paralysis  of  sensation,  the  direct  current.  In  a  case  of  complete 
paralysis,  there  would  no  longeT  be  any  reason  for  deciding  upon 
the  apphcation  of  either  one  or  the  other.^ 

§  II. — Physiohffical  action  of  continuous  currents,  direct  or  inverse, 
applied  to  the  nerves  of  man,  upon  sensibility,  or  muscular  con- 
tractility. 

I. — My  first  experimental  researches. 

I  proceed  now  to  the  experimental  researches  that  I  undertook, 
in  the  hope  of  being  able  to  determine  the  value  of  the  foregoing 
therapeutical  deductions. 

'  A  direct  (centrifugal,  or  descending)  j  nearer  to  the  extremities.  For  tlic  in- 
ourrent  is  produced  by  placing  the  rheo-  verse  (centripetal,  or  ascending)  current, 
phores  over  the  course  of  a  nerve,  at  a  i  the  position  of  the  poles  is  reversed.  Such 
distance  of  two  or  three  centimetres  apart ;  lias  been  the  method  emploj'ed  by  expcri- 
the  positive  pole  being  nearer  to  the  mentors, 
nervous  centres,  and  the  negative  pole        Matteuci,  he.  cU.,  p.  266. 
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Before  arriving  at  conclusions,  from  experiments  upon  animals, 
with  regard  to  the  therapeutic  action  of  continuous  currents  when 
applied  to  human  patients,  it  seemed  to  me  more  rational  to 
inquire  whether  the  electro-physiological  phenomena,  observed  in 
vivisections,  would  be  produced  in  a  healthy  man.  But  how 
could  a  current  be  directed  upon  a  nerve,  without  first  laying  it 
bare  ?  Assuredly  no  one  would  venture  to  attempt  such  an  opera- 
tion in  the  human  subject,  for  the  purpose  only  of  promoting 
scientific  research.  And  electro-puncture,  in  which  the  needle 
traverses  organs  of  different  nature,  and,  as  I  have  already  shown, 
produces  complex  phenomena,  would  not  serve  to  display  the 
action  of  continuous  currents  upon  nerve-trunks. 

It  is  now  perfectly  demonstrated,  after  my  researches,  that, 
without  puncturing  or  incising  the  skin,  we  may  limit  the  electric 
action  at  pleasure,  either  in  the  skin  or  in  subcutaneous  organs; 
and  that  by  certain  methods  of  proceeding,  the  electric  excitation 
will  reach  a  nerve,  without  acting  upon  the  skin  that  it  penetrates. 
Certain,  from  this,  that  I  could  limit  the  electrical  action  to  the 
chief  nerve-trunks,  I  have  studied,  in  a  large  number  of  sub- 
jects, the  influence  of  continuous  currents  upon  contractility  and 
upon  sensibility.  I  have  principally  selected  for  my  experiments 
the  median  nerve,  the  crural,  and  the  internal  and  external  j)op- 
liteal.  Sometimes  the  rheophores  have  been  placed  on  the  course 
of  a  nerve  at  a  point  where  it  is  subcutaneous,  and  two  or  three 
centimetres  apart ;  and  sometimes  they  have  been  separated  as 
widely  as  possible,  by  placing,  for  example,  one  upon  the  brachial 
plexus,  or  upon  the  sacral  plexus  at  the  posterior  wall  of  the 
rectum,  and  the  other  on  the  course  of  the  nerve.  The  rheophores 
have  been  placed  in  such  a  manner  as  to  be  only  in  relation  with 
the  surface  of  the  nerves. 

It  has  been  shown,  by  numerous  experiments  upon  animals,  that 
the  continuous  current  manifests  its  special  influence  upon  con- 
tractility or  upon  sensibility,  according  to  the  direction  in  which 
it  passes  longitudinally  within  the  nerve,  when  the  excitability  has 
been  previously  diminished  by  the  more  or  less  prolonged  action 
of  a  continuous  current. 

To  discover  the  influence  of  a  continuous  current  upon  a  healthy 
man,  it  was  therefore  necessary  that  the  excitability  of  his  nerves 
should  be  first  modified  by  the  continuous  current.  For  this 
purpose,  I  employed,  in  the  first  instance,  a  trough  battery  (of 
Cruikshank  and  WoUaston)  composed  of  sixty  couples,  and  I 
caused  a  continuous  current  to  pass  through  the  nerves  for  from 
twenty  to  thirty  minutes,  by  placing  them  in  the  circuit  of  this 
battery,  and  by  using  the  method  of  procedm-e  indicated  above. 
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This  attempt  Laving  produced  no  result,  I  thought  that  a  more 
powerful  and  more  constant  current  might  diminish  the  excita- 
bility of  the  human  nerves;  and  I  then  had  recourse  to  a  battery- 
composed  of  thirty  of  Bunsen's  pairs,  a  little  weakened  by  previous 
use.  Afterwards  I  employed  a  Daniell's  battery  of  from  thirty  to 
fifty  elements.  In  all  these  experiments,  I  took  care  to  avoid  the 
occurrence  of  contraction  on  completion  of  the  circuit,  by  proceed- 
ing in  the  way  formerly  described.  (See  note  to  page  12.)  After 
twenty  or  thirty  minutes  of  action  of  the  continuous  curi-ent  from 
these  batteries,  in  whatever  direction,  I  was  unable  to  discover 
that  the  sensibility  of  the  nerves  had  diminished.  The  contrac- 
tions of  the  muscles  supplied  by  the  nerves  were  quite  as  ener- 
getic, under  the  influence  of  an  intermittent  current,  after,  as 
before  the  experiment ;  the  sensibility  was  not  modified,  and  the 
power  of  voluntary  movement  was  not  diminished. 

Although  I  was  unable  to  diminish  artificially  the  excitability  of 
human  nerve,  I  had  at  least  occasion  to  observe  certain  instances 
of  paralysis,  in  which  the  nerves  and  even  the  muscles  had  in  part 
lost  their  excitability.  In  these  cases  again,  the  inverse  con- 
tinuous current  acted  no  more  upon  the  contractility,  than  did  the 
direct  continuous  current  upon  the  sensibility.  Neither  of  these 
currents  abolished  the  excitability  of  nerves  already  affected,  and 
through  which  they  were  made  to  pass  for  a  considerable  time. 

To  sum  up,  in  a  man  in  normal  condition:  I.  a  continuous 
current  passed  through  a  nerve,  during  from  twenty  to  thirty 
minutes,  did  not  appear  to  me  to  diminish  its  excitability  ;  2.  when 
I  directed  a  continuous  current,  centrifugal  or  centripetal,  upon  a 
nerve  of  normal  excitability,  or  upon  a  nerve  the  excitability  of 
which  was  diminished  by  certain  forms  of  paralysis,  I  observed 
always  the  customary  phenomena,  namely,  contractions  and  sensa- 
tions ;  neither  the  one  nor  the  other  of  the  two  (direct  and  inverse) 
currents  ever  acted,  in  an  appreciable  manner,  upon  either  the 
sensibility  or  the  contractility  separately.^ 

These  results  caused  me  real  disappointment:  since  I  had  ex- 
pected to  obtain,  in  man,  the  phenomena  described  by  Marianiui, 
Mobiii,  Matteuci,  and  their  predecessors;  and  concerning  which 
the  experiments  made  upon  animals  seemed  to  me  to  be  entirely 
conclusive. 

It  will  be  said,  without  doubt,  that  if  I  had  directed  upon  human 
nerves  a  more  intense  current,  I  should  have  been  able  to  diminish 


•''  I  fomuilatcd  almost  tlio  same  con-  i  pcrinieiits,  to  diraiuiali  the  irritability  of 
elusions  ill  a  iiiomoii-  presented  in  1818  to    nerves,  by  subjeeting  tlieni  to  the  inlluencu 
the  Aradcfinie  des  Scieiicen.    lint  at  Uiat  j  of  a  powerfnl  eontinuous  current, 
time  I  had  not  endeavoured,  in  my  ex-  \ 
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or  destroy  their  excitability.  But  this  objection  might  be  made 
again,  even  when  I  had  unsuccessfully  experimented  with  a  more 
powerful  battery.  And  who  would  attempt  such  experiments 
upon  man  ?  Who  would  willingly  submit  to  very  painful  experi- 
ments, capable  of  producing  vesications,  and  even  eschars,  upon 
the  skin  ? 

It  will  also  be  objected,  that  I  did  not  experiment  under  the 
same  conditions,  and  that  I  should  have  caused  the  currents  to  pass 
through  nerves  previously  laid  bare.  But  it  is  demonstrated,  I 
repeat,  that  I  act  with  as  much  certainty  through  the  skin,  as 
I  could  do  upon  nerves  exposed  and  isolated.  My  method  seems 
to  me  to  be  even  preferable  to  that  employed  by  Matteuci  and 
his  predecessors ;  because  the  mutilation  of  a  nerve,  and  its  con- 
tact with  the  atmosj)here,  must  inevitably  exert  a  certain  influence 
upon  its  vitality,  or  upon  its  excitability. 

II. — The  experimental  researches  op  Eemak. 

The  facts  and  the  electro-physiological  considerations,  that  I 
have  stated  above,  were  made  the  subject  of  a  work  that  I  pub- 
lished in  1852.  But,  since  then,  Kemak  has  experimented  anew 
upon  the  action  of  continuous  constant  currents  upon  the  nerves 
of  healthy  and  of  diseased  men  and  he  claims  to  have  discovered 
electro-physiological  facts,  which  to  me  do  not  appear  to  be 
demonstrated,  and  which,  if  they  were  real,  would  possess  neither 
the  weight  nor  the  importance  that  he  assigns  to  them. 

We  know  that  galvanic  electricity  possesses  the  property  ot 
producing  a  muscular  contraction  at  the  completion,  and  at  the 
interruption  of  the  circuit ;  the  former  being  stronger  than  the 
latter.  It  has  been  stated  that,  during  the  interval  between  these 
two  periods,  the  continuous  current  produces  no  contractions.  I 
have  myself  only  observed  the  occurrence  of  fibrillar,  oscillatory, 
and  irregular  contraction  in  the  muscles  of  a  limb  that  was 
traversed  by  a  continuous  current,  powerful,  and  as  constant  as 
possible.  I  have  also  found  that  a  galvanic  current,  directed  upon 
the  fifth  nerve,  produced  an  intense  luminous  sensation  at  the 
completion  of  the  circuit,  and  a  similar  but  less  intense  sensation 
at  its  interruption,  and  between  these  two  periods,  during  the 
passage  of  the  continuous  current,  a  luminous  sensation  that  was 
only  appreciable  in  obscurity.  (See  Chap.  I.,  p.  13.)  AVhen  I  have 
applied  the  moist  rheophores  over  the  median  nerve,  one  by  the 
inner  border  of  the  biceps,  the  other  at  the  passage  of  the  nerve 
over  the  bend  of  the  arm,  I  have  observed — besides  the  acute  and 


*  Remak,  Galvanolherapie. 
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progressive  cutaneous  pain  at  the  seat  of  the  rheophores,  so  acute 
as  to  be  almost  unbearable,  and  besides  the  tingling  and  pricking 
experienced  in  the  whole  comse  of  the  nerve,  down  to  its  ii'nal 
ramifications  in  the  fingers — similar  oscillatory  contractions  in  the 
muscles  that  it  supplies. 

Kemak  has  gone  further.  He  professes  to  have  observed,  in 
experiments  analogous  to  my  own,  and  made  upon  the  median 
nerve  of  a  healthy  man,  with  a  battery  of  thirty  of  Daniell's 
couples,  the  contractions  continue,  sometimes  in  the  muscles 
subject  to  the  median,  sometimes,  and  commonly,  in  the  muscles 
subject  to  the  radial  nerve,  the  antagonist  of  the  median.  Galva- 
nization of  the  radial  nerve,  practised  by  placing  the  rheophores 
on  two  distant  points  of  its  course,  produced,  on  the  contrary,  con- 
tinued contraction  of  the  muscles  subject  to  the  median  nerve,  the 
antagonist  of  the  radial.  These  continued  contractions  have  been 
called  galvano  tonic  by  Kemak — thus  named,  he  says,  to  dis- 
tinguish them  from  the  tonic,  or  tetanic,  contractions  produced  by 
induced  currents,  or  by  constant  currents  often  interrupted.  This 
phenomenon,  on  which  Kemak  has  built  a  new  physiological 
theory  (but,  as  I  shall  hereafter  show,  an  imaginary  one),  forms 
the  fundamental  basis  of  that  which  he  calls  his  method  of 
galvanization, 

I  am  sorry  to  have  to  declare  that  I  have  never  been  able  to 
produce  these  singular  phenomena  in  the  galvanic  experiments 
that  I  have  made  publicly  upon  human  nerves  in  the  course  of  my 
clinical  teaching.  What  can  be  the  reason  ?  Is  it  that  the  acute 
and  increasing  cutaneous  pain,  at  the  place  of  contact  of  the 
rheophores,  has  produced  involuntary  movements  of  flexion  and 
extension  of  the  fingers,  as  if  the  subjects  sought  instinctively 
to  escape  from  the  suffering,  and  that  these  movements  have 
perhaps  concealed  the  galvanp-tonic  contractions,  if  they  indeed 
occurred  ?  Or  were  they  not  produced,  in  my  experiments,  because 
I  have  always  avoided  the  contraction  due  to  completion  of  the 
circuit,  as  I  have  already  said,  or  because  my  rheophores  were  too 
near  each  other  ?  Kemak,  indeed,  applies  one  rheophore  on  the 
hand,  and  the  other  at  the  bend  of  the  elbow;  while,  1,  in  general, 
have  held  them  only  two  or  three  centimetres  apart. 

Desiring  to  test  these  electro-physiological  facts  announced  by 
Eemak,  and  to  appreciate  the  worth,  of  the  explanation  given  by 
him,  I  have  again  many  times  galvanized  the  median  nerve  in  the 
manner  described  by  him,  I  have,  moreover,  not  produced  the  so- 
called  galvano-tonic  contractions,  even  after  having  allowed  the 
current  to  pass  through  the  nerve  lor  more  than  a  minute. 
Although  I  included,  according  to  his  precept,  the  greatest 
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possible  length  of  nerve  in  the  circuit,  and  although  I  employed  a 
powerful  and  very  painful  current,  I  must  still  declare,  that  I  have 
seen  nothing  but  the  involuntary  movements  of  flexion  or  exten- 
sion of  the  fingers  or  the  hand,  and  sometimes  flexion  of  the  fore-, 
arm  upon  the  arm,  such  as  were  produced  in  my  former  experi- 
ments, and  which  are  due  to  the  intolerable  pain  that  is  sometimes 
caused  by  the  local  action  of  the  rheophores  upon  tlie  skin. 
Remak  knows  so  well  that  these  instinctive  movements  occur 
during  the  experiment,  that  he  has  written,  "It  is,  of  a  truth, 
difiicult  for  many  persons  to  abstain  from  calling  into  play  their 
volition,  and  to  leave  the  action  exempt  from  the  influence  of 
such  innervation,  engendered  at  the  moment  of  entrance  of  the 
current."  * 

I  wished,  like  other  persons  present  at  my  clinical  lectures,  and 
who  yielded  themselves  to  the  experiment,  to  nerve  myself  against 
the  pain,  and  to  prevent  involuntary  movement ;  but  then  we  did 
not  witness,  in  the  muscles  subject  to  the  antagonist  of  the  excited 
nerve,  the  so-called  galvano-tonic  contractions  of  Eemak.  On 
one  occasion  only,  in  one  of  these  experiments,  we  observed  that 
the  contraction  of  the  moment  of  completion  was  prolonged  in  the 
muscles  supplied  by  the  excited  median  nerve;  but  this  phe- 
nomenon is  not  so  new  to  science  as  has  been  said. 

"  The  production  of  galvano-tonic  contractions,"  says  Remak, 
"is  commonly  promoted  by  the  same  circumstances  which  facili- 
tate the  contraction  on  completing  the  circuit, — that  is,  a  sudden 
and  prompt  application  of  the  rheophores  over  the  nerves."  I 
have  observed,  indeed,  that  the  movements  of  the  hand  and  of  the 
fingers,  which  take  place  at  the  moment  when  the  circuit  is  com- 
pleted, sometimes  continue,  but  only  for  a  very  short  time.  (This 
phenomenon  had  previously  been  observed  by  Ritter.)  Under  such 
circumstances  there  is  certainly  a  complication  of  phenomena; 
that  is,  the  contraction  due  to  the  completion  of  the  circuit,  aud 
the  contraction  caused  by  the  pain,  or  that  which  is  produced, 
according  to  Remak,  by  the  passage  of  the  current. 

In  order  to  avoid  the  contraction  at  the  completion  of  the 
circuit,  I  have  caused  the  current  to  pass  through  a  thick  stratum 
of  liquid,  in  such  a  manner  that  the  completion  produced  no 
contraction ;  then  I  have  progressively  increased  the  tension  of  the 
current,  until  it  attained  its  maximum ;  and,  if  I  prevented  the 
instinctive  movements  occasioned  by  the  pain,  I  never  perceived 
any  contractions  excepting  those  fibrillar  or  oscillatory  ones  already 
mentioned,  and  which  are  probably  occasioned  by  those  inequali- 


*  JRcmak,  Cakanotherapic,  p.  56. 
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ties  of  the  current  wliich  are  inevitably  produced  in  even  the  most 
constant  of  the  batteries  themselves. 

It  follows  therefore  from  my  own  experiments  (made  for  the  most 
part  publicly),  and  from  the  foregoing  considerations,  that  the 
production  by  continuous  currents  of  the  so-called  galvano-tonic 
contractions  has  not  at  present  been  demonstrated. 

Remak  attributed  these  pretended  galvano-tonic  contractions, 
which  occurred  during  the  passage  of  a  continuous  current  through 
a  nerve-trunk,  in  the  muscles  controlled  by  its  antagonist,  to  a 
reflex  action  of  the  cord;  and  he  consequently  thought  that  they 
were  produced  by  reflex  excitation  of  a  sensitive  nerve. 

I  crave  pardon  from  my  readers  for  stating  the  theories  and 
hypotheses  hazarded  by  Remak,  in  his  wish  to  explain  facts  thus 
complex  and  irregular.  It  is,  however,  upon  such  facts,  and  such 
theories,  that  this  physiologist  has  fancied  that  he  has  built  up  a 
new  method  of  therapeutic  galvanization  !  I  shall  have  occasion  to 
return  to  the  subject. 

No  one,  indeed,  will  contest  the  novelty  of  his  theories ;  but  in 
what  consists  the  novelty  of  his  manner  of  exciting  the  human 
muscles  by  a  continuous  current?  We  have  already  seen  in  this 
part  (pages  176  and  177)  that  in  my  investigations  long  ago  (and 
many  others  had  pi-actised  them  before  me)  I  had  caused  a  con- 
tinuous current,  as  constant  as  possible,  derived  from  twenty  or 
twenty-five  of  Bunsen's  elements,  or  from  a  Daniell's  battery  of 
from  thirty  to  fifty  elements,  to  pass  through  the  continuity  of 
human  nerve.  It  is  true  that  most  commonly  I  placed  my  rheo- 
phores  over  the  course  of  the  nerve-trunk  somewhat  nearer  together 
than  was  done  by  Remak.  But  does  this  slight  difference  in  the 
procedure  constitute  by  itself  a  new  galvano-therapeutic  method  ? 
And  then,  who  can  believe  that  so  slight  a  difference  between  the 
procedure  of  Remak  and  my  own  could  occasion  such  differences 
in  our  results  ? 

§  III.  My  latest  researches  on  the  therapeutic  action  of  galvaniza- 
tion hy  interrupted  or  by  continuous  currents,  in  the  treatment 
of  paralytic-  or  nervous  affections,  and  as  compared  toith  localized 
faradization. 

1.  HiSTOKICAL  AND  CRITICAL. 

A. — My  first  researches. — Considering  the  negative  results  of  the 
electro-physiological  experiments  that  I  had  made  upon  the  action 
of  direct  or  inverse  continuous  currents  traversing  the  nerves  of 
man  (see  §  II.),  it  may  be  imagined  that  I  no  longer  attached  any 
Weight  to  the  electro-therapeutic  deductions  of  Matteuci.    In  my 
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first  experiments  on  the  therapeutic  value  of  galvanization,  I 
wished  to  obtain  proof  of  the  correctness  of  this  estimate,  by 
submitting  cases  of  paralysis  of  movement  to  the  influence  of 
the  continuous  current,  directed  in  the  manner  that  he  recom-. 
mends. 

In  spite  of  the  rigorous  observation  of  the  principles  of  muscular 
galvanization  that  he  laid  down,  I  did  not  succeed  in  modifying 
paralysis  of  movement  more  favourably  than  when  I  excited  the 
nerve-trunks  in  their  continuity,  without  any  heed  to  the  direc- 
tion of  the  currents. 

It  was  also  shown  by  my  researches  that  the  direct  current  is 
entirely  powerless  against  muscular  or  cutaneous  anaesthesia ;  just 
as,  in  the  normal  state,  1  had  found  that  this  current  exercised  no 
appreciable  special  influence  upon  the  sensibility. 

The  critical  consideration  that  I  have  given  to  the  influence  of 
the  direction  of  the  current  upon  the  nerves  of  man,  either  in  the 
physiological,  or  in  a  pathological  condition,  were  the  more  neces- 
sary, since  the  doctrines  of  Matteuci  and  the  physiologists  in 
general  had  been  re-echoed,  and  had  exerted  a  considerable 
influence  upon  the  practice  of  electrical  treatment.  Physicians, 
and  especially  those  among  them  who  were  given  to  scientific 
research,  had  too  long  attached  great  importance,  in  the  galvaniza- 
tion of  man,  to  the  direction  of  the  course  of  the  current  in  the 
nerves. 

B. — Remalcs  method;  Eiffelsheims  method. — The  therapeutic 
employment  of  continuous  currents  had  been  generally  abandoned 
when,  in  1858,  Remak  endeavoured  to  rehabilitate  it  by  creating 
a  method  of  galvanization  of  which  the  following  are  the  funda- 
mental principles : — 1.  To  cause  the  passage  through  the  nerves 
or  through  the  muscles  of  currents  that  were  commonly  labile  and 
sometimes  stabile,^  during  a  period  of  time  that  did  not  usually 
exceed  fifteen  minutes  ;  2.  to  produce,  according  to  him,  the 
reflex  contractions  that  he  denominated  galvano-tonic. 

Afterwards  came  the  method  of  Hiffelsheim,"  by  continuous 
currents  described  as  permanent ;  meaning  by  that,  that  he  caused 
the  passage  of  a  stabile  current  through  organs  for  a  long  time, 
(from  one  to  several  hours). 

Until  the  fundamental  principles  of  these  methods  of  galvaniza- 


*  A  current  is  called  stabile  that  is 
furnishRcl  by  a  battery  of  equal  touslon, 
and  aj)plied  by  rheophoros  each  of  which 
is  kept  stationary  upon  the  same  point  of 
skin.  A  IMle  current  is  one  furnished 
by  the  same  battery,  but  ajiplied  by  rheo- 
phoies  one  or  both  of  which  are  moved 


about  upon  the  skin,  without  interruption 
of  the  circuit.  In  the  sjinio  way,  the  con- 
tractions produced  by  the  former  method 
are  also  called  dahilc,  and  those  produced 
by  the  latter  method  are  called  labile. 

'  Hiffelsheim,  Des  Applicalio7i$  me'ili- 
cales  dc  la  jjiVc  de  VoUa.    Paris,  1S61. 
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tion  ai-e  better  defined,  and  move  clearly  formulated,  it  will  be 
difficult  to  judge  of  their  actual  value. 

(<i).  After  Eemak's  method,  the  galvanic  currents  are  applied 
with  a  kind  of  intermissions  closely  approximated,  as  I  will  proceed 
to  show.  In  his  experiments  at  La  Charite,  in  1860,  every  one  saw 
that,  when  the  current  was  made  to  pass  through  the  muscular 
nerves,  by  placing  the  negative  pole  over  the  point  of  entrance 
of  the  muscular  branch,  and  the  positive  pole  over  a  point  nearer 
to  the  spinal  cord,  he  dwelt  but  a  very  short  time  (fifteen  to  thirty 
seconds),  over  the  muscle  to  be  electrified,  and  soon  drew  one  or 
both  of  his  rheophores  over  the  surface,  to  fix  them  upon  other 
points.  In  this  way  he  produced  what  have  been  called  labile 
contractions.  But,  as  I  have  said  above,  these  contractions  are 
produced  by  a  kind  of  intermissions,  and  only  differ  by  their  less 
intensity  from  those  that  are  produced  by  actual  intermissions.® 
Such  also  is  the  opinion  of  M.  Kosenthal.^  Nay  more,  these  labile 
contractions  are  produced  by  a  veritable  localized  galvanization 
by  intermittent  currents,  which  is  show^n  elsewhere  by  phenomena 
analysed  by  Eemak  himself:  "When  the  excitability  is  sufficient," 
he  says,  "  or  when  it  is  artificially  increased  by  the  current,  the 
labile  contractions  are  produced  by  changing  the  place  of  one  or 
both  rheophores,  without  breaking  the  circuit,  or  interrupting  the 
contact  of  their  moist  coverine;s  with  the  skin.  The  muscular 
fhres  that  are  touched  by  the  rheophore  contract,  while  those  that  the 
rheophore  leaves  hecome  relaxed.  If  the  moving  rheophore  follows, 
over  the  muscle,  the  course  of  a  nerve,  all  the  fibres  supplied  by 
this  nerve  are  called  into  action,  when  the  sensibility  is  strong ; 
those  which  are  without  the  circuit  in  a  much  less  degree,  so  that 
the  local  action  on  the  muscular  fibres  might  appear  to  be 
predominant."  ' 

Who  is  there 'that  will  not  recognise,  in  all  tliese  phenomena, 
those  which  are  proper  to  localized  galvanization  ?  Remak  himself 
has  said  as  much  in  the  lines  that  1  have  quoted,  without  under- 
standing their  significance. 

It  appears,  then,  that  each  of  the  seances,  vvliich  we  all  witnessed 
at  La  Charite,  was  composed  of  a  great  number  of  weak  (labile) 
galvanic  intermissions,  and  of  a  certain  number  of  continuous 


'  Remak  seems  to  me  to  liave  admitted 
th  is  in  the  following  passage : — "  It  is  very 
important,"  he  writes,  "in  relation  to 
therapeutics,  to  be  acquainted  with  the 
labile  contractions,  which  I  was  the  first 
to  observe  in  man.  These  contractions 
are  produced  in  the  muscular  nerve  or  in 
the  muscles,  witliout  interruption  of  the 


current,  by  simple  oscillations  of  its 
density  ;  according  to  the  law  laid  down 
by  Dubois  Rcymond,  that  a  muscle  re- 
sponds by  a  contraction,  not  only  to  an 
interruption,  but  also  to  an  oscillation  of 
the  current.    {Lor.  cit.,  p.  120.) 

»  Loe.  cit.,  p.  121. 

'  Hiffelsheim,  Inr..  rit.,  p.  12. 
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currents  of  short  duration,  applied  in  the  intei-vals  between  the 
labile  contractions.  This  is  what  constitutes  for  liemak,  or  is 
called  by  him,  galvanization  by  a  continnous  current.  And  it  is 
in  this  manner  that  his  pupils,  or  his  adepts,  have  applied  this 
method.  The  results  obtained  by  such  proceedings  may  as  well 
be  ascribed  to  the  interrupted  and  localized  galvanic  currents  as  to 
the  continuous  currents.  With  regard  to  the  so-called  galvano- 
tonic  contractions,  I  shall  shortly  show  that  they  have  never 
existed  except  in  Kemak's  imagination, 

(&).  Other  experimentalists  had  caused  continuous  currents  to 
pass  through  organs,  or  through  paralysed  limbs,  in  a  permanent 
manner.  I  had  commenced  some  electro-therapeutic  experiments 
by  this  method  of  galvanization,  with  my  friend  Aran,  but  unfor- 
tunately his  premature  death  interrupted  them. 

The  proceeding  habitually  employed  for  this  purpose  by  Hiffels- 
heim^  is  sufficiently  original  to  be  here  described.  Two  moist 
sponges  are  kept  fixed  upon  two  points  of  the  skin,  such  as  to 
represent  the  extremities  of  an  axis  traversing  the  organs  that  it  is 
desired  to  influence.  A  small  stem  of  platinum,  at  least  the  fifth 
of  a  millimetre  in  diameter,  is  contained  within  each  of  the 
sponges,  and  these  stems  are  in  communication  with  conducting 
wires  leading  to  a  battery  of  sulphate  of  lead,  composed  of  a  large 
number  of  elements  of  small  surface,  and  of  weak  electrolytic 
action.  The  wires  are  coiled  in  spirals,  and  are  long  enough  to 
allow  the  patient  to  change  his  place,  or  to  walk  a  distance  of 
some  metres,  without  deranging  the  passage  of  the  permanent 
continuous  current. 

The  very  prolonged  application  (for  an  hour  or  more),  of  a 
continuous  galvanic  current,  exposes  the  skin  in  contact  with  the 
negative  rheophore  to  changes  more  or  less  deep,  of  which  I  have 
seen  several  examples  from  the  practice  of  Hiffelsheim  himself.^ 
It  is  therefore  necessary  to  guard  against  the  inconveniences 


-  Hiffelsheim,  loc.  cit,  p.  12. 

'  Case  XV.— M.  X.,  to  whom  I  was 
called  in  consultation  with  M.  Baillarger, 
on  account  of  hallucinations  that  had 
tormented  him  for  sevural  years,  and  to 
whom  I  had  refused  to  apply  continuous 
currents  for  the  purpose  of  removing 
them,  was  placed  under  lliU'elsheim,  who 
promised  him  a  cure.  Hiffelsheim  kept 
the  little  sponges  ap])lied  to  each  temple, 
with  a  band  tliat  encircled  the  head. 
These  sponges  communicated,  as  described, 
with  a  galvanic  battery  of  numerous  (sixty) 
sulphate  of  lead  elements  of  small  surface. 
The  permanent  continuous  current  having 


been  suffered  to  pass  for  twenty  minutes 
or  half  an  hour,  or  more,  according  to  the 
advice  given,  the  application  was  renewed 
each  day,  by  the  patient  himself,  for  ten 
or  fifteen  days,  each  day  on  a  fresh  por- 
tion of  the  foreliead.  Subsequently  M. 
X.  came  to  show  me  his  forehead,  adorned 
by  two  rows  of  indelible  cicatrices.  In- 
stead of  being  cured,  his  hallucinations 
had  increased  in  frequency,  and  tempted 
him  to  suicide.  He  complained  bitterly 
of  the  treatment  to  whiih  lie  had  been 
subjected.  "  Hiffelsheim  supposed."  said 
M.  X.  to  me,  "  that  by  this  method  the 
current  would  pass  through  the  brain." 
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arising  from  the  electrolytic  action  of  the  permanent  continuous 
current,  and  these  inconveniences  may  in  part  be  avoided. 

0. — The  selection  among  these  different  methods. — Under  what 
circumstances  should  we  have  recourse  to  voltaic  currents  of  more 
or  less  rapid  intermission  (labile  currents),  or  to  permanent  (pro- 
longed) continuous  currents  ?  And  in  what  dose,  and  for  how  long 
a  time,  should  the  permanent  continuous  currents  be  applied? 
Apart  from  surgical,  electrolytic,  or  galvano-caustic  applications, 
there  is  no  rule  on  the  subject  that  rests  upon  close  or  sufficient 
clinical  research.  It  is  certainly  not  thus  with  localized  faradiza- 
tion, for  which  the  various  and  clearly  formulated  methods  have 
their  precise  indications,  drawn  from  prolonged  experiment  or 
clinical  observation. 

Tor  myself,  who  commenced  my  electro-therapeutic  researches 
by  the  application  of  voltaic  currents,  and  have  never  ceased  to 
use  them  (a  fact  which  certain  persons  do  not  know,  or,  rather, 
have  forgotten), — for  myself,  I  say,  who  have  always  continued 
to  study  the  relative  therapeutic  worth  of  voltaic  and  induced 
currents,  I  have  not  confounded,  in  my  researches,  more  or  less 
intermittent  voltaic  currents,  with  voltaic  currents  circulating 
through  the  organs  in  a  permanent  manner.    1  even  went  so  far 
when  I  applied  the  permanent  (stabile)  constant  current,  as  to 
1  avoid  the  excitation  produced  by  the  completion  of  the  circuit,  by 
I  making  the  current  pass  through  a  column  of  water  in  a  moderator 
I  tube,  and .  by  gradually  diminishing  the  thickness  of  the  column 
after  the  circuit  was  established.    Neither  have  I  neglected  to 
experiment,  in  the  way  so  much  lauded  by  Eemak,  comparatively 
I  with  permanent  constant  currents.  I  will,  shortly,  give  a  summary 
I  of  the  opinion  I  think  may  be  formed-  of  their  therapeutic  value, 
from  the  researches  that  I  have  made  since  1861 ;  very  insufficient 
ones,  I  know,  but  of  this  I  have  made  no  concealment. 

II.  Appakatus  and  instruments  bequibed  fob  this  kind  of 

RESEARCH.  METHODS'  OP  GALVANIZATION  THAT  I  HAVE 
FOLLOWED  IN  MY  COMPARATIVE  INVESTIGATIONS. 

Before  stating  what  deductions  I  have  drawn  from  my  experi- 
ments, with  regard  to  the  therapeutic  worth  of  galvanization  as 
compared  with  faradization,  it  is  necessary  to  state  what  instru- 
ments I  have  used  in  the  application  of  galvanic  currents. 

I  have  stated  in  the  first  chapter,  that,  in  ray  latest  researches,  I 
had  chiefly  used  a  Daniell's  battery,  and  a  battery  of  bisulphate  of 
mercury,  and  that,  since  1861,  I  had  used  a  battery  of  sulphate 
of  lead,  of  from  thirty  to  a  hundred  elements,  the  small  surface 
battery  of  M.  Alph.  Mathieu,  and,  quite  recently,  the  portable 
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chloride  of  silver  battery  of  Gaiffe.  Having  already  described 
these  batteries,  their  action  and  comparative  worth,  it  is  not 
necessary  to  return  to  them.  '  It  only  remains  to  show  the  results 
of  an  inquiry  that  I  have  made  quite  recently,  by  the  help  of  | 
the  voltameter,  upon  the  comparative  electrolytic  action  of  the 
sulphate  of  lead  battery,  Siemens'  battery  (known  as  Remak's), 
and  the  portable  battery  of  Gaiffe.  I  have  found  that  the  electro- 
lytic action  of  the  first  is  about  one-third  less  strong  than  that  of 
the  other  two,  (M.  Gaiffe  lias  endeavoured  to  give  to  his  battery  an 
electrolytic  action  equal  to  that  of  Remak's). 

It  is  also  necessary  to  describe  here  some  instruments  that  have 
facilitated  the  use  of  the  battery,  arid  that  are  required  for  a 
comparative  study  of  galvanization  by  continuous  currents  and  | 
faradization;  they  will  form  the  subject  of  the  next  paragraph. 

A. — Division  of  the  high-tension  hatiery  into  several  sections  in 
the  intervals  of  the  applications. — Coupling  of  these  sections. — Dis- 
tribution of  the  currents  of  the  different  sections,  either  isolated 
or  reunited. — Heversal  of  the  poles. 

Galvanization  sometimes  requires  the  use  of  a  battery  of  high 
tension,  and  of  great  electro-motor  power;  that  is,  composed  of  ; 
numerous  elements.    But  it  is  well  known  that  in  all  galvanic 
batteries,  during  a  slightly  prolonged  interruption  of  the  circuit,  i 
and  especially  when  the  battery  is  not  often  in  use,  certain  interior  : 
currents  are  produced,  which  increase  in  intensity  in  direct  propor- 
tion to  the  number  of  elements,  and  the  reactions  of  which  produce  : 
rapid  exhaustion  of  the  battery.    I  was  soon  taught  this  by  ; 
experience,  after  having  for  some  months  used  a  Daniell's  battery  1 
of  fifty  pairs,  to  which  I  sometimes  added  another  battery  of 
twenty  pairs,  that  was  chiefly  used  for  my  induction  instruments 
and  electric  clocks. 

In  order  to  exclude  or  to  diminish  this  cause  of  rapid  exhaustion 
of  my  battery,  I  had  it  divided  into  ten  separate  parts,  in  each  of 
which  the  tension  is  too  feeble  to  produce,  during  the  interruption 
of  the  circuit,  any  reactions  of  importance ;  and  I  then  constructed 
a  small  apparatus  (manipulator),  which  being  placed  in  communi- 
cation with  each  of  the  ten  piles  of  ten  elements,  was  able,  1.  to 
unite  them  all  into  a  single  battery ;  2.  to  distribute  them  at 
pleasure  in  circuits  composed  of  10,  20,  30,  40,  50,  60,  and  so  on 
to  100  pairs,  and  consequently  to  graduate  the  electro-motor  force 
of  the  battery;  3.  to  replace  them  in  their  original  state  of  isola- 
tion when  the  battery  was  not  required  in  action.  With  the 
manipulator  I  could  also  reverse  the  poles,  during  the  galvaniza- 
tion, without  changing  the  place  of  the  rheophores  which  com- 
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pleted  the  circuit.  These  properties  of  the  instrument  justify 
me  in  calling  it  the  divider,  collector,  and  distributor  of  the 
battery.  Finally,  it  is  placed  in  my  room,  near  other  batteries 
of  very  small  surface,  and  near  induction  instruments,  in  such  a 
manner  that  they  may  all  be  applied  successively  and  compara- 
tively, witliont  loss  of  time.    The  following  is  the  description : — 


Eig.  47. 

Fip.  4V. — Divider,  collector,  and  distributor  of  the  battery.  Figs.  48  and  43,  handles  of  tlie  divider, 
seen  in  profile.* 


1.  A  circular  platform  of  wood,  A  A,  ten  centimetres  in  diameter,  supports 
all  the  parts  which  form  the  mechanism  of  the  apparatus.  At  the  circumfer- 
ence of  this  platform,  pieces  of  copper  are  screwed  into  notches  cut  to  receive 
them.  These  pieces  of  copper  are  perforated  in  their  longitudinal  axes,  and 
are  furnished  with  the  binding  screws  1,  1',  2,  2',  3,  3',  4,  4',  5,  5',  6,  6',  7,  7', 
8,  8',  by  which  to  fix  the  conductmg  wires  that  communicate  with  the  negative 
poles  N  N,  and  with  the  positive  poles  P  P,  of  the  several  sections,  a,  h,  &c.,  of 
the  battery       In  this  state  each  section  of  tiie  battery  is  isolated. 

2.  The  following  is  the  mechanism  by  which  the  isolated  sections  (each  one 
of  which  is  an  independent  battery  of  ten  elements)  can  bo  coupled  together, 
so  as  to  form  a  single  battery  of  high  tension,  or  of  more  or  less  great  electro- 
motor power.    The  support  A  A  is  groved  on  its  po.sterior  surface,  to  receive 


*  Constructed,  after  my  designs,  hy  A.  Matthicu. 
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a  woodeu  disk  that  turns  upon  its  axis;  and  to  tliis  disk  are  attached  trans- 
verse brass  springs,  indicated  by  the  dotted  lines  a',  V ,  <i ,  d',  (i,f,  u',  h' ;  the 
iirst  transverse  spring,  a',  forms  a  commnnication  between  the  knob 'that 
receives  the  positive  polo  1,  and  the  knob  2',  which  is  connected  with  the 
negative  pole ;  and  so  on,  throughout  the  remaining  springs.  The  disk  is 
moved  by  the  knob  E ;  and  when  this  is  pushed  to  F  all  the  sections  are 
united.  In  other  words,  P,  the  terminal  positive  pole-  of  the  first  section, 
communicates  with  the  initial  negative  pole  of  the  second  section,  by  passing 
through  1',  a',  2',  and  a";  and  so  with  the  remaining  sections.  The  sections 
should  only  be  thus  combined  during  the  application  of  the  current. 

8.  If,  during  the  repose  of  the  pile,  the  knob  E  is  returned  to  its  original 
place,  the  sections  are  again  separated,  the  transverse  metallic  springs  no 
longer  connecting  the  terminal  positive  pole  of  each  section  with  the  initial 
negative  pole  of  the  next. 

4.  The  apparatus  serves,  moreover,  to  distribute  the  currents  of  the  battery 
X,  either  in  fractions  or  as  a  whole,  and  thus  graduates  the  electro-motor 
power.  The  distributors  of  the  currents  are  the  handles  B,  C,  which  conduct 
them  in  the  following  manner  to  the  knobs  N,  P,  which  receive  the  con- 
ducting wires  of  the  rheophores.  The  handle  C  carries  a  copper  spring,  shown 
in  iig.  49,  which  can  be  placed  in  contact  with  any  one  of  the  pieces  of  copper 
of  the  surface  A  A,  and  which  communicates  by  its  axis  D,  also  of  copper, 
and  with  the  knob  P  by  the  Line  D'.  The  handle  B  carries  a  double  metallic 
spring,  N',  G' ',  one  blade  of  which  communicates  with  the  metallic  circle,  G, 
and  the  other  with  any  one  of  the  pieces  of  coj)per  which  receive  conductors 
from  each  section  of  the  battery. 

5.  It  often  happens,  in  actual  use  of  the  battery,  either  for  the  therapeutic 
application  of  continuous  cui-rents,  or  to  work  induction  instruments,  that 
only  a  portion  of  the  whole  is  required.  If  the  same  portion  were  always 
employed,  the  battery  would  be  exhausted  in  an  unequal  manner.  By  a 
simple  change  of  the  handles,  we  may  easily  and  quickly  bring  into  alternate 
use  the  first,  middle,  or  last  third  of  the  whole.  If,  for  example,  it  were 
wislied  to  use  only  the  last  twelve  elements,  the  handle  B  should  be  placed 
over  the  knob  7  j),  and  the  handle  C  over  the  knob  8  p. 

The  apparatus  lastly  becomes,  when  required,  a  commutator  or  reverser  of 
the  poles.  For  this  purpose  it  is  only  necessary  to  change  the  sides  of  the 
handles,  the  rheophores  resting  undisturbed  over  the  parts  subjected  to 
the  current.  In  all  the  movements  of  the  handles,  the  contacts  are  so  dis- 
posed as  to  avoid  intermissions  of  the  current. 

Graduation  of  galvanic  currents. — Tlie  power  to  increase  or 
diminish  at  pleasure,  and  rapidly,  without  any  interruption  of  the 
circuit,  by  tens  of  elements  at  a  time,  the  current  from  a  large 
battery,  may  be  considered  as  a  graduation  of  its  electro-motor 
force.  This  is  obtained,  as  we  have  just  seen,  by  the  instrument 
above  described. 

But  it  is  often  also  required  to  diminish  gradually,  at  pleasure, 
the  calorific  and  electrolytic  action  of  the  battery,  the  number 
of  elements  remaining  the  same.  For  this  purpose,  I  cause  the 
current  to  pass  through  a  layer  of  liquid  of  greater  or  less  thick- 
ness, contained  in  a  glass  tube  that  I  have  called  a  moderator,  and 
that  will  be  fully  described  hereafter.  The  liquid,  which  should 
be  distilled  water  when  the  tube  is  used  for  the  graduation  of 
an  inductive,  and  more  especially  of  an  induced  current,  should  be 
replaced  by  water  saturated  with  sea-salt  when  it  is  used  to 
graduate  voltaic  currents,  the  tension  of  which  is  feeble,  as  com- 
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pared  with  that  of  the  induced,  even  when  the  battery  is  composed 
of  a  large  number  of  elements. 

By  the  aid  of  the  voltameter,  I  have  found  that  the  electrolytic 
action  of  the  battery  diminishes  in  proportion  to  the  height  of 
the  column  of  liquid  that  it  has  to  traverse;  and  I  have  also  observed 
that  the  sensation  of  burning  is  proportionately  diminished,  at  the 
points  of  contact  of  the  rheophores  with  the  skin. 

The  resistance  opposed  to  the  current  by  the  liquid  in  the 
moderator  diminishes  also  the  electro-motor  power,  but  much 
less  than  the  electrolytic  action.  I  have  hence  applied  this 
method  of  graduation  of  the  pile  to  its  electricity  of  quantity. 

Intermittences,  in  localized  muscular  galvanization  hy  interrupted 
currents. — Intermittences  of  localized  muscular  galvanization  by 
interrupted  currents  may  be  obtained  by  raising,  at  longer  or 
shorter  intervals,  one  or  both  of  the  moist  rheophores  from  the 
skin.  This  is  the  proceeding  generally  employed ;  but  I  pre- 
ferred to  use  the  rheotomes  which  are  ordinarily  applied  in 
muscular  faradization,  and  to  which  I  shall  return  when  describing 
my  induction  instruments. 

Wishing  to  study  the  comparative  values  of  localized  faradiza- 
tion and  of  localized  galvanization  by  interrupted  currents,  I  was 
bound  to  place  myself,  as  far  as  possible,  under  identical  condi- 
tions with  regard  to  both;  that  is  to  say,  as  far  as  the  intermit- 
tences were  concerned,  to  produce  them  in  localized  muscular 
galvanization  without  shifting  the  rheophores,  and  by  means  of 
similar  instruments. 

(a).  Pedal  rheotome. — I  habitually  complete  and  break  the  cir- 
cuit of  the  battery  current  with  a  pedal  rheotome,  which  leaves 
my  hands  at  liberty  to  manage  the  rheophores.  I  have  elsewhere 
advised  those,  who,  like  myself,  are  in  daily  use  of  a  battery — 
either  to  work  induction  coils  or  for  the  physiological  or  thera- 
peutical application  of  interrupted  or  continuous  currents — to 
employ  a  pedal  rheotome,  in  order  to  prevent  the  cii'cuit  from 
being  left  complete  for  a  long  time,  as  for  an  entire  night,  by  any 
forgetfulness  or  accident.  Such  accidents,  which  were  formerly 
of  frequent  occurrence  with  me,  have  not  happened  since  I  have 
been  obliged  to  place  my  foot  on  the  rheotome  in  order  to  com- 
plete the  circuit. 

(h).  Wheel  rheotomes. — I  have  also  used  rheotomes,  which  have 
allowed  me  to  practise  localized  galvanization  with  intermissions 
nearly  equal  in  speed  to  those  of  the  trembler  of  an  induction 
instrument.  These  rheotomes  are  furnished  with  several  wheels, 
with  teeth  nearer  or  more  distant,  against  which  a  spring  im- 
pinges in  such  a  manner  as  to  obtain  from  two  or  four  intermis- 
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sions  up  to  an  extreme  rapidity.  At  the  time  of  my  first 
researclies,  I  had  many  rheotomes  constructed  which  fulfilled  these 
conditions,  and  which  were  moved  either  by  the  liand  or  by 
clockwork.  These  rheotomes  are  still  in  use  for  certain  electi-o- 
physiological  or  therapeutical  applications.  I  use  also  habitually 
the  wheel  rheotome,  called  the  distributor  of  the  entrance  or 
of  the  issue  of  the  current,  which  is  represented  in  fig.  40,  and 
described  on  page  12.3. 

B. — Distinction  to  he  established  hetween  these  different  methods  of 
galvanization. — Having  collected  together,  in  my  room  and  under 
my  hand,  the  various  instruments  which  are  required  for  all 
methods  or  kinds  of  electrization,  nothing  has  been  more  easy 
than  this  kind  of  comparative  research.  It  has  been  chiefly 
carried  out  upon  the  patients  of  my  clinique,  patients  suffering 
from  all  kinds  of  paralysis,  atrophic,  traumatic,  saturnine,  rheu- 
matic, spinal,  infantile ;  from  various  spasms  and  contractions, 
from  chorea,  and  locomotor  ataxy. 

It  is  necessary  to  say,  first,  that  a  good  number  of  these  disor- 
ders will  be  improved  or  cured  by  electric  excitations,  of  what- 
ever kind  they  may  be ;  by  galvanic  currents  more  or  less 
intermittent,  or  continuous  and  permanent,  or  even  by  static 
electricity,  as  much  as  by  induced  currents.  This  fact  will  serve 
to  explain  the  admiration  that  every  specialist  has  constantly 
professed  for  the  kind  or  mode  of  electrization  that  he  has  exclu- 
sively used,  without  knowing,  or  without  having  employed,  com- 
paratively, the  others. 

I  have,  however,  seen  forms  of  paralysis,  neuralgia,  neurosis, 
&c.,  requiring  a  favourable  prognosis  on  account  of  the  ease  with 
which  they  are  habitually  cured  by  induced  currents,  resist  the 
action  of  intermittent  or  continuous  voltaic  currents. 

I  will  not  confine  myself  to  generalities ;  but  will  say,  in  a  few 
words,  what  are  the  various  modes  of  galvanization  that  I  have 
used  in  my  electro-therapeutic  researches,  and  what  deductions  I 
have  been  able  to  form  concerning  them. 

The  distinctions  that  I  have  established  between  the  diflferent 
modes  seem  to  me  to  afford  the  basis  of  a  good  method  of  gal- 
vanization. I  divide  muscular  galvanization  into — 1.  localized 
galvanization,  which  is  performed  by  moving  moist  rheophores 
connected  with  the  battery  over  all  the  points  of  the  surf;\ce 
corresponding  to  the  bulk  of  muscles,  but  at  a  distance  from  their 
nerves  or  from  nerve  trunks,  and  of  which  the  varieties  and  the 
mode  of  physiological  action  have  been  already  explained,  both 
for  interrujDted  and  for  continuous  currents ;  and,  2.  galvanization 
by  reflex  action. 
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We  shall  see  the  importance  of  this  fundamental  division,  if  we 
recall  the  electro-physiological  principles  which  distinguish  direct 
localized  muscular  electrization  fi'om  muscular  electrization  by- 
reflex  action,  and  which  have  been  already  laid  down.  In  the 
former  mode,  indeed,  all  the  anatomical  elements  of  the  organ 
acted  upon  are  excited  peripherally,  as  also  its  local  innervation, 
or,  in  other  words,  its  local  circulation  and  its  nutrition.  In  the 
latter,  points  of  the  nervous  centres  are  chiefly  and  irregularly 
excited  by  the  electrization  of  certain  zones  that  stand  in  reflex 
relation  to  them.  Every  one  will  understand  that  these  prin- 
ciples are  perfectly  applicable  to  localized  muscular  galvaniza- 
tion, and  to  muscular  galvanization  by  reflex  action. 

III. — Eesults  of  my  investigations  into  the  therapeutic 

APPLICATION  OF  DIEECT  LOCALIZED  MUSCULAR  GALVANIZATION 
BY  INTERMITTENT  CURRENTS. 

A.  — Localized  muscular  galvanization  is  practised  in  exactly 
the  same  manner  as  localized  muscular  faradization.  The  same 
precepts  that  are  set  forth  in  Chapter  II.,  and  the  same  rheo- 
phores,  are  applicable  to  it. 

I  must,  nevertheless,  recall  the  fact  that,  unlike  localized  faradi- 
zation, intermittent  galvanization  cannot  produce  contraction  of 
muscle  without  at  the  same  time  exerting  a  calorific  and  electro- 
lytic action  upon  the  skin,  and  that  the  more  energetically,  the 
longer  the  rheophores  remain  in  contact  with  the  same  point  of 
the  cutaneous  surface.  For  this  reason,  I  have  been  careful  to 
change  the  place  of  the  rheophores  after  each  intermittence,  by 
moving  them  over  points  corresponding  to  the  masses  of  muscle 
to  be  galvanized.  By  thus  proceeding,  the  cutaneous  excitation 
is  much  diminshed. 

B.  — It  is  fitting  to  mention  here  the  differential  effects  of  the 
intermittences  of  induction  currents,  which  appear  to  render 
difficult  their  study  as  compared  with  galvanization  by  interrupted 
currents ;  and  I  will  explain  how  I  have  overcome  this  difficulty. 
We  know  that  each  intermission  of  the  galvanic  current  produces 
a  muscular  contraction,  at  the  completion  and  at  the  interruption 
of  the  circuit,  but  less  strongly  at  the  latter  than  at  the  former, 
without  changing  the  dii-ection  of  the  current ;  and,  on  the  other 
hand,  it  will  be  remembered  that  the  contrary  occurs,  for  induc- 
tion currents,  at  the  completion  and  interruption  of  the  circuit ; 
the  current  going  in  an  opposite  direction,  and  producing  an 
essentially  different  electro-physiological  action,  as  far  as  the 
influence  of  the  direction  of  currents  is  concerned.  It  seemed 
therefore  difficult,  if  not  impossible,  to  compare  the  interrupted 
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galvanic  currents,  the  course  of  which  is  always  ceutrifugul  or 
centripetal,  with  currents  of  induction  wliich,  witii  the  usual  j 
rheotomes  or  with  tremblers,  would  always  be  alternating. 

It  was  for  the  purpose  of  obtaining  only  the  entrance  or  tlie  ; 
exit  of  the  induced  current,  so  as  to  cause  the  passage,  at  will,  of 
a  centrifugal  or  centripetal  current  through  organs,  that  I  con- 
structed the  distributor  rheotome  which  has  already  been  de-  | 
scribed  (fig.  40,  p.  123).  '[ 

Faradization  by  centrifugal  or  centripetal  currents,  which  I  have  i 
been  able  to  practise  by  means  of  this  rheotome,  has  permitted  me  \ 
to  observe,  in  frogs  and  rabbits,  phenomena  analogous  to  those  i 
which  have  been  produced  experimentally,  imder  the  influence  of 
the  direction  of  galvanic  curi-ents ;  but  I  must  say  that,  in  the  | 
treatment  of  paralysis,  it  has  not  exhibited  any  appreciable  dif-  j 
ference,  as  regards  its  action  upon  motility,  sensibility,  or  nutrition,  j 
from  faradization  practised  with  ordinary  rheotomes.  I  conclude,  ■ 
therefore,  that  muscular  faradization,  either  with  or  without  alter-  ' 
nating  currents,  is  perfectly  comparable  to  muscular  galvanization  , 
with  intermissions. 

C.  — I  have  already  stated  (Chap.  I.)  that,  between  the  completion  ' 
and  the  interruption  of  a  galvanic  circuit,  the  current,  which  is 
then  continuous,  produces  fibrillar  oscillatory  contractions.  This 
is  another  character  which  distinguishes  the  intermissions  of  i 
the  galvanic  current  from  those  of  the  induced  current.    There-  > 
fore,  when  I  have  had  to  make  a  comparison  between  the  thera-  i 
peutic  action  of  these  and  those,  I  have  always  taken  the 
precaution  to  diminish  considerably,  during  the  intermissions  of 
the  galvanic  current,  the  duration  of  the  intermediate  action 
between  its  commencement  and  its  cessation,  even  to  the  degree 
of  almost  entirely  abolishing  tliis  period.    For  this  purpose  I  have  ■ 
employed  a  rheophore,  the  teeth  of  which  afforded  only  a  small  > 
surface  of  contact,  such  that  each  intermission  was  necessarily 
very  short,  how  slowly  soever  the  toothed  wheel  might  be  turned. 

The  whole  of  the  precautions  indicated  having  been  takeu,  it 
was  possible  for  me  to  institute  a  comparison  between  the  thera- 
peutic action  of  intermittent  localized  galvanization  and  that  of 
localized  muscular  faradization,  in  the  treatment  of  paralysis. 

D.  — The  result  was,  under  all  the  foregoing  conditions,  and  ! 
when  the  electro-motor  power  of  the  battery  was  sutiiciently  great,  : 
that  localized  muscular  galvanization  afforded  nearly  the  siime 
therapeutic  results  as  faradization. 

However,  the  benefits  being  equal,  I  have  still  preferred  localized 
muscular  faradization,  which,  exerting  the  same  therapeutic  in- ,  ' 
liueuce  over  local  circulation  and  nutrition,  has  none  of  the  iucon-  i 
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veniences  of  galvanism  (electrolytic  action,  action  upon  the  skin, 
and  too  acute  excitation  of  the  retina),  and  offers  the  advantage  of 
acting  sharply,  according  to  the  indications  that  are  to  be  fulfilled, 
upon  the  muscular  sensibility  with  the  extra  current,  and  upon 
the  cutaneous  sensibility  with  the  induced  current,  by  virtue  of 
the  properties  special  to  each.  If,  besides  these  reasons,  it  is 
considered  that  induction  instruments  are  of  small  bulk,  easy  of 
transport  and  of  apphcation,  and  inexpensive,  it  will  be  understood 
why  I  have  advised  the  use  of  muscular  faradization  in  preference 
to  intermittent  localized  muscular  galvanization,  which  requires 
large  batteries,  only  applicable,  in  general,  in  the  rooms  of 
specialists. 

IV. — Eesults  of  my  investigations  into  the  therapeutic 

APPLICATION  of  EEFLEX  GALVANIZATION  BY  CONTINUOUS  CUE- 
KENTS,  MINGLED  WITH  FEEBLE  INTEEMITTENCES  (labile  Currents), 
AS  COMPAEED  WITH  LOCALIZED  FAEADIZATION. 

I  will  pass  in  review,  as  rapidly  as  possible,  some  of  the  prin- 
cipal maladies,  or  muscular  affections,  in  which  I  have  studied 
experimentally  the  therapeutic  action  of  continuous  currents  by 
Kemak's  method,  as  compared  with  localized  faradization ;  re- 
serving more  complete  details  for  the  second  part  of  the  volume. 

A. — Atrophic  paralysis  consecutive  to  traumatic  lesions  of  nerves. 
— More  than  twenty  years  of  electro-therapeutic  research,  con- 
ducted publicly  upon  a  large  scale,  in  the  Paris  hospitals  and  in 
my  own  clinique,  tested  and  confirmed  by  a  great  number  of 
observers  in  Europe  and  in  America,  have  established,  in  an 
incontestable  manner,  the  therapeutic  value  of  localized  electriza- 
tion by  faradization,  or  by  galvanization  with  interrupted  currents, 
and  especially  by  the  former,  in  the  treatment  of  atrophic  paralysis. 
The  facts  and  considerations  already  brought  forward  cannot  have 
left  any  doubt,  upon  this  point,  on  the  minds  of  my  readers. 

However,  in  presence  of  the  claims  of  the  promoters  of  Kemak's 
method  of  galvanization,  and  especially  after  the  assertions  of 
young  philosophers  who,  I  regret  to  have  to  say,  interpreting  in  a 
strange  manner  the  results  of  their  experiments  on  rats  and  rabbits, 
have  come  before  the  Academic  des  Sciences,  and  other  learned 
bodies,  to  announce  that  induction  currents  paralyse  innervation 
(a  statement  which  would  lead  us  to  suppose  that  the  therapeutic 
results  had  not  happened),  I  wished  to  discover,  in  my  clinique, 
whether  experiment  would  explain  such  an  aberration,  if  not  fully, 
at  least  to  some  extent.  For  this  purpose  I  have  applied  con- 
tinuous currents,  mixed  with  intermissions,  exactly  after  the  , 
method  of  Remak,  to  the  treatment  of  atrophic  paralysis,  con- 
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secutive  to  traumatic  lesions  of  nerves,  in  the  cases  that  liave  come 
before  me. 

The  results  of  these  experimental  researches  have  been  far  from 
fulfilling  the  pretensions  of  Kemak  and  of  his  school.  For  im- 
provement, in  cases  of  any  severity,  I  have  had  long  to  wait ;  and 
I  have  generally  been  unable  to  effect  a  complete  cure  except  by 
localized  electrization, — that  is,  by  exciting  peripherally  all  parte 
of  the  paralysed  muscles  (fibres,  nerves,  and  vessels),  by  moving 
over  all  points  of  the  surface  the  rheophores  of  my  induction 
instrument. 

It  might  be  supposed,  nevertheless,  that  the  combination  of  the 
two  methods  of  electrization  might  sometimes  produce  a  more 
rapid  cure,  when  the  atrophic  paralysis  is  symptomatic  of  a  spinal 
lesion ;  because,  by  Remak's  method,  the  reflex  action  stimulates 
the  spinal  centre,  at  the  same  time  that  the  motor  and  sensitive 
nervous  ramifications,  and  those  that  govern  the  local  circulations, 
are  peripherally  excited  by  localized  electrization. 

For  several  months  I  have  tried  the  two  methods  in  combination, 
particularly  in  the  spinal  paralysis  of  infancy ;  but  I  am  not  yet 
able  to  pronounce  upon  their  actual  value.  I  am  not  accustomed 
to  form  conclusions  in  so  short  a  time,  in  my  experimental  re- 
searches upon  therapeutical  questions. 

B. — Lead-palsy. — It  is  especially  with  regard  to  lead-palsy  that 
the  exclusive  partizans  of  the  continuous  currents,  have  been  most 
unfortunate  in  their  inconsiderate  attacks  upon  the  value  of 
localized  faradization.  I  have  certainly  treated  by  this  method 
several  hundred  cases  of  all  degrees,  and  more  or  less  general  in 
extent;  and  I  have  known  few  which  have  not  been  quickly 
cured. 

With  regard  to  the  electric  treatment  of  this  form  of  paralysis, 
Remak  has  had  the  unskilfulness  to  write :  "  The  kindness  of 
many  of  my  friends  has  afforded  me  opportunities  of  treating  a 
certain  number  of  patients,  and  has  fully  convinced  me  of  the 
insufficiency  of  the  induced  current  in  many  morbid  states,  espe- 
cially in  rheumatic  and  saturnine  paralysis,  which,  according  to 
M.  Dachenne,  ought  to  be  cured  by  it."^ 

To  this  attack  I  have  already  responded  in  the  following  manner : 
— "  The  facts  which  have  been  stated,  and  which,  since  their  pub- 
lication, now  of  old  date  (the  first  edition  of  '  Localized  Electriza- 
tion,' in  1855),  have  been  supported  by  others  too  numerous  to 
be  reckoned,  and  by  a  vast  electro-therapeutic  experimentation 
repeated  by  numerous  observers ;  all  these  facts,  incontestable  and 


°  Eemak,  lor.  n't. 
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publicly  collected,  enable  us  to  appreciate  correctly  the  strange 
and  contradictory  assertion  of  Eemak. 

"  It  is  true  that  this  experimentalist  proposes  to  laud  the  thera- 
peutic superiority  of  the  continuous  current,  which,  he  says,  cures 
lead-palsy  in  a  marvellous  manner.  At  the  time  when  I  write 
these  lines,  I  have  already  tried  this  method  of  galvanization  upon 
some  patients  with  this  form  of  disease.  Out  of  four  patients,  two 
became  tired  of  a  painful  treatment,  which,  after  three  weeks,  had 
produced  no  amendment.  A  third  begged  me  to  employ  the 
localized  faradization,  which  he  had  seen  applied  with  success  to 
many  of  his  comrades.  The  fourth,  who  has  not  at  present  been 
more  fortunate  than  the  other  three,  is  willing  to  surrender  himself 
to  the  continuous  current  for  another  fifteen  days. 

"  Certainly  such  a  result  does  not  enable  me  to  sing  the  praises 
of  the  continous  current  in  the  treatment  of  lead-palsy.  Let  us 
hope,  nevertheless,  that  new  and  more  extended  experiment  may 
rehabilitate  the  worth,  so  much  vaunted  by  the  German  electrician, 
of  the  continuous  current  as  applied  to  the  treatment  of  this 
disorder."  ^ 

The  strange  assertion  of  Eemak  has  been  repeated  by  his  adepts ; 
and  to  refute  it  I  have  brought  together  a  fresh  series  of  cases, 
chosen  from  amongst  those  of  my  clinique,  in  which  saturnine 
paralysis  of  various  forms  and  severity  has  been  cured  by 
localized  faradization.  I  should  add  that,  after  having  con- 
tinued to  test,  in  my  room,  the  therapeutic  value  of  galvanization 
by  Kemak's  method,  as  applied  to  the  treatment  of  this  form  of 
paralysis,  I  have  again  found  it  inferior  to  localized  faradization. 

C. — Electro^musGular  contractility. — The  muscles  which,  in  certam 
forms  of  paralysis,  no  longer  contract  under  the  influence  of 
localized  faradization,  may  sometimes  still  be  thrown  into  con- 
traction by  the  intermissions  of  a  voltaic  current,  when  these 
muscles  or  their  nerves  have  been  traversed,  for  one  or  two 
minutes,  by  a  continuous  current. 

This  phenomenon,  which,  for  the  first  time,  was  described  by 
Eemak in  pathological  conditions,  had  been  previously  experi- 
mentally discovered  in  animals,  by  E.  Heidenhain,**  who  observed 
that  on  submitting  a  muscle  to  the  shocks  of  induction,  or  on 
tiring  it  by  stretching,  or  on  plunging  it  into  hot  water  (28°  to  30° 
Cent.),  it  lost  its  excitability ;  and  that  this  property  (the  faculty  of 
contracting  under  the  influence  of  electric  excitation)  was  restored 
to  it  by  the  continuous  current  of  a  Daniell's  battery  of  25  or  30 


°  Duchenne,  Electrisation  localis^e,  2" 
edition,  p.  328. 
'  Reraalc,  he.  cit. 


'  Heidenhaiii,  Pht/niologische  Studien, 
Berlin,  1856,  pp.  Gfi-i'i?. 

O  2 


196 


LOCALIZED  ELECTRIZATION. 


elements,  in  a  manner  more  evident  in  employing  the  ascending 
than  the  descending  current. 

I  have  tried,  a  very  large  number  of  times,  to  produce  this 
electro-muscular  phenomenon,  in  traumatic  paralysis  of  nerves,  in 
saturnine  paralysis,  and  in  the  spinal  paralysis  of  infancy,  but  I 
have  only  seldom  succeeded. 

I  should  here  point  out  the  following  source  of  error.  When 
the  contractility  is  considerably  weakened,  a  time  comes  when  the 
muscle  no  longer  contracts  under  the  influence  of  the  rapid  inter- 
missions of  induction  currents,  while  it  still  responds,  in  a  very 
appreciable  manner,  to  the  more  distant  intermissions  (from  one 
to  two  seconds)  of  the  same  induction  current.  But,  a  great 
number  of  induction  instruments  giving  none  but  rapid  inter- 
missions, it  has  happened  that  on  applying  them  to  the  investiga- 
tion of  electro-muscular  contractility  this  has  been  supposed  to  be 
aboHshed,  while  it  would  still  have  been  called  forth  by  the  slow 
intermittences  of  an  induction  current,  and  even  of  a  galvanic 
current.  It  has  been  by  proceeding  in  this  way,  there  can  be  no 
doubt,  that  experimentalists  have  been  deceived  by  appearances, 
and  have  been  brought  to  believe  in  the  frequency  of  the  electro- 
pathological  phenomenon  now  under  consideration. 

However  this  may  be,  I  repeat  that  I  have  sometimes  found 
cases  of  paralysis  in  which  the  muscles  no  longer  responded  to  the 
distant  intermissions >  of  an  induced  current,  but  in  which  they 
contracted  more  or  less  under  the  influence  of  the  distant  inter- 
missions of  a  strong  voltaic  current,  after  having  been  traversed, 
during  from  sixty  to  eighty  seconds,  by  a  constant  continuous 
current. 

From  this  special  action  of  voltaic  currents  upon  muscular 
irritability,  their  exclusive  partisans  have  argued  to  their  greater 
therapeutic  power  in  the  treatment  of  paralysis.  My  own  expe- 
rience shows  that  these  pretensions  are  unfounded.  I  have  even 
seen  a  case  of  lead-palsy  (for  it  is  chiefly  upon  this  form  of  disease 
that  I  have  made  such  experiments)  in  which  the  paralysed 
muscles  only  contracted  to  the  intermittences  of  a  voltaic  current, 
but  in  which  they  gained  only  a  little  under  the  influence  of  a 
sufficiently  prolonged  treatment  by  continuous  labile  and  stabile 
currents,  and  were  then  completely  cured  by  localized  faradization 
alone.  Nay,  more,  in  the  great  majority  of  cases  the  lead-palsies 
in  which  the  muscles  no  longer  contract  either  to  faradization  or 
to  intermittent  voltaic  currents,  are  none  the  less  cured  by  the 
former  method  of  electrization. 

It  is  of  little  consequence,  indeed,  that  one  kind  of  electricity 
acts  more  energetically  than  another  upon  the  excitability  or 
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irritability  of  muscle,  when  it  is  known,  as  I  have  demonstrated, 
that  in  paralysis  the  voluntary  movements  may  be  re-established 
by  localized  faradization,  although  the  paralysis  of  electro-muscular 
contractility  remain.  It  is  this  strange  phenomenon  that  is 
expressed  in  the  title  of  a  memoir  that  I  addressed  to  the  Instiiut 
in  1846, — "The  integrity  of  the  electro-muscular  contractility 
is  not  essential  to  the  performance  of  voluntary  movements." 

D. — Paralytic  contractions. — It  is  especially  in  the  treatment,  by 
the  continuous  current,  of  the  secondary  contractions  observed  in 
cases  of  hemiplegia  consecutive  to  cerebral  haemorrhage,  that 
Kemak  has  made  application  of  his  theoretical  ideas  about  the 
electro-physiological  phenomenon  which  he  has  called  galvano- 
tonic  reflex  contraction ;  theoretical  ideas  which  rest  upon  the 
expei'iments  already  described  and  criticised. 

(a).  He  has  thought  to  discover  a  more  complete  demonstration 
in  the  influence  of  continuous  constant  currents,  during  their 
passage  through  certain  nerve-trunks,  upon  paralytic  contractions. 
The  following  is  a  summary  of  an  example  that  he  cites  as  a 
typical  case,  showing  the  reality  of  this  special  action  of  the 
continuous  cm-rent.' 

Case  Xm.  A  woman,  aged  35  years,  was  attacked  by  hemiplegic  contrac- 
tion of  the  right  side  consecutive  to  a  cerebral  hsemorrhage  of  eighteen 
months'  standing  (she  was  aphasic).  Remak  passed  the  continuous  current 
of  from  20  to  30  of  Daniell's  elements  through  the  right  crural  nerve,  and  he 
saw,  after  30  or  40  seconds,  the  segments  of  the  upj^er  limb  and  the  tmgers 
of  the  hand  of  that  side  which  had  been  strongly  flexed,  extend  themselves 
completely,  while  analogous  effects  were  produced  in  the  lower  limb,  by 
treating  the  median  nerve  in  the  same  manner. 

I  have  many  times  repeated  this  experiment  of  Eemak's,  under 
analogous  conditions,  upon  the  patients  of  my  clinique,  and  I  have 
very  rarely  witnessed  the  production  of  these  so-called  galvano- 
tonic  reflex  contractions,  which,  according  to  him,  should  be  the 
essential  sign  of  the  therapeutic  action  of  the  continuous  current. 
The  following  are  the  experiments  that  I  made  publicly  at  the 
time. 

Case  XIV. — During  several  weeks  I  subjected  to  these  experiments,  or 
rather  to  treatment  by  the  continuous  cun-ent  after  the  method  extolled  by 
Eemak,  six  patients  of  my  chnique,  who  were  siiffering  from  sccoudary  i)ara- 
lytic  contractions,  consecutive  to  cerebral  haemorrhage;  four  of  them  liad 
hemiplegia  of  the  right  side,  and  were  aphasic ;  the  other  two  liad  hemiplegia 
of  the  left  side,  and  their  intelligence  was  unaffected.  Tlie  paralytic  contrac- 
tions were  of  from  one  to  two  years'  duration.  In  all,  I  caused  the  passage,  in 
the  median  and  crural  nerves  of  the  ]mralyzed  side,  of  a  descending  (centri- 
fngal)  current,  in  a  permanent  manner  in  each  nerve  during  one  or  t\vo 
minutes;  each  smmx  for  cacli  of  thcui  lasting  from  five  to  ten  minutes,  with 
a  ciui-ent  of  from  fifty  to  a  hundred  elements  of  my  sulphate  of  lead  biittory, 
and  of  a  tension  accommodated  to  the  degree  of  individual  tolerance  (for  it 
must  not  be  forgotten  that  this  kind  of  galvanization  is  painful),    lu  one  of 
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the  patients  1  several  times  produced  rejlex  contractions  in  the  paralysed  lower 
limbs,  luhile  causing  the  passage  of  a  strong  continuous  current,  now  through  tlie 
median  now  through  the  crural  nerve.  The  leg  vias  extended  upon  the  thigh,  the 
fore-arm  tipon  the  arm,  and  at  the  same  time  the  hand  was  opened.  The  patient 
(a  woman  30  years  of  age)  pointed  out  to  me  that  the  same  thing  happened 
nearly  always  when  she  yawned  or  experienced  any  emotion,  especially  upon 
awaking  in  the  morning.  In  none  of  the  other  patients  could  I  produce 
reflex  contractions,  whatever  might  be  the  intensity  of  the  continuous  cur- 
rent or  of  its  passage  through  the  nerve.  I  remarked  nothing  but  contrac- 
tion of  the  muscles  governed  by  the  nerve  excited.  The  patients,  however, 
told  me  that  their  flexed  and  conti-acted  limbs  often  became  extended,  and 
that  their  hands  would  open  when  they  yawned  or  sneezed,  or  under  the 
influence  of  any  movement  made  with  effort. 

Let  us  admit  that  the  reflex  contractions  described  by  Eemak 
commonly  occur  under  the  influence  of  continuous  currents 
traversing  the  nerve-trunks,  and  let  us  inquire  their  significance 
and  their  value. 

Eemak  sees  in  these  phenomena  the  proof  of  the  electro-physio- 
logical fact  that  he  believes  himself  to  hav^e  discovered, — the 
galvano-tonic  contraction  produced  by  the  continuous  constant 
current,  and  which  he  has  made  one  of  the  fundamental  bases 
of  his  method  of  galvanization.  Thus,  in  his  experiments  (see 
Case  XIII.)  the  excitation  of  sensitive  fibres,  produced  by  the 
continuous  current  in  the  crural  or  sciatic  nerve,  should  have 
reached  the  spinal  origin  of  these  sensitive  fibres  in  the  lumbar 
regions ;  and  then,  passing  along  the  whole  length  of  the  spinal 
cord  to  the  origin  of  the  brachial  plexus  of  the  same  side,  the 
current  has  exerted  an  elective  action  upon  the  motor  fibres, 
which  produce  extension  of  the  different  segments  of  the  upper 
limb,  and  principally  upon  the  radial  nerve. 

For  the  clinical  practitioner  this  experiment  will  not  have  the 
signification  that  has  been  given  to  it  by  Eemak.  Who,  indeed,  does 
not  know  that  in  the  secondary  contractions  that  supervene  upon 
hemiplegia  symptomatic  of  cerebral  htemorrhage,  the  side  of  the 
spinal  cord,  which  supplies  nerves  to  the  paralyzed  muscles,  acquires 
an  extreme  excitability,  and  that  the  slightest  impression  from  an 
external  or  peripheral  cause  may  produce  spasmodic  contractions 
precisely  like  those  which  Eemak  considers  as  reflex  contractions, 
specially  produced  by  the  influence  of  continuous  currents  upon 
certain  sensitive  nervous  zones  ?  Who  has  not  seen  in  the  henii- 
plegic  paralytic  contractions,  the  fingers,  the  hand,  and  the  fore- 
arm, which  remain  in  continuous  flexion,  sometimes  extend  them- 
selves completely  during  yawning,  sneezing,  or  under  the  influence 
of  any  impression  or  emotion  whatever  (see  Case  XIV.). 

Sometimes  the  same  phenomenon  is  produced  during  a  voluntary 
movement  of  the  lower  limb;  thus,  I  have  then  seen  in  hemi- 
plegics,  with  contracted  upper  limbs,  sometimes  the  hand  open 
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and  the  arm  extend  itself,  or  sometimes,  on  the  contrary,  the 
spasm  show  itself  in  the  flexors.  I  have  sometimes  even  seen 
localized  faradization,  in  these  conditions,  whether  it  was  cutaneous 
or  muscular,  produce  analogous  spasms  if  it  were  practised  pain- 
fully. 

In  fine,  it  follows  from  the  facts  set  forth  above  :  1.  that,  in  tlie 
morbid  conditions  under  discussion,  the  power  to  produce  reflex 
spasm  in  the  antagonists  of  the  contracted  muscles,  and  often 
even  in  the  latter  themselves,  is  a  property  common  to  most  excitants, 
(an  acute  and  sudden  excitation  of  the  skin,  an  emotion,  a  yawn, 
a  sneeze,  and  lastly  the  excitation  produced  by  tbe  passage  of  a 
continuous  current  through  a  nerve-trunk,  especially  if  the 
oi)eration  is  painful)  ;  2.  consequently,  that  to  call  these  reflex 
galvauo-tonic  contractions  has  no  foundation  in  reason. 

(5).  Is  there,  then,  any  occasion  to  seek  a  way  so  circuitous,  so 
imaginary,  in  order  to  explain  the  therapeutic  action  of  reflex  and 
continuous  galvanization  of  nerve-trunks,  in  the  treatment  of 
contractions?  The  paralyzing  or  hyposthenizing  action  of  de- 
scending continuous  currents  upon  nerve-trunks,  discovered  by 
Eckhart,"  would  afford  a  better  reason  for  their  effect  against 
contractions.  It  was  this  paralyzing  property  of  the  continuous 
descending  currents  which  originally  suggested  to  Eemak  the  first 
idea  of  their  application  in  pathological  conditions.  The  idea  was 
rational  and  happy,  but  it  has  been  wholly  spoilt  by  his  imagina- 
tion. 

With. regard  to  the  therapeutic  influence  of  the  continuous 
currents  against  the  paralytic  state  which  accompanies  the  con- 
tractions, it  may  be  explained  by  the  reflex  excitation  of  the 
nervous  centres  that  is  produced  by  this  kind  of  galvanization. 

(c).  The  therapeutic  theory  of  this  method  of  galvanization 
would  here  be  of  little  consequence,  if  it  really  cured  the  paralytic 
contractions  consecutive  to  cerebral  haemorrhage.  Is  it  true,  is  it 
possible,  that  it  does  cure  them  ?  Into  this  it  has  been  necessary 
ibr  me  to  examine,  and  I  have  made  it  the  subject  of  experimental 
research. 

Every  one  knows,  or  in  the  present  day  should  know,  after  the 
admirable  researches  of  MM.  Cliarcot  and  Bouchard,'  tluit  these 
contractions  are  symptomatic  of  the  inflammatory  state  of  the 
secondary  sclerosis  of  certain  nervous  bundles  which,  when 
the  optic  thalami  or  corpora  striata  are  the  seats  of  haemorrhage, 


°  Eckliart,  Beitrage  ziir  Anatomic  und 
Physiolofiie.    Gicssoij,  1855. 

'  I  slioiild  say  hero  tliat  M.  C.  II. 
BoiiL^lianl,  ill  his  cxccHoiit  iiK^moii-  ii|)oii 
the  Hccoudury  (legoucratiDiis  oF  the  siiinal 


cord  (Archives  gc''ii<fralcs  de  Mtfderine, 
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to  cord  mil  hioiuorrliaijc  as  syiuptomatio 
of  Hccoiidary  sck-rosis  of  the  cord. 
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is  propagated  to  tlie  lateral  columns  of  the  opposite  side,  and 
which  begins  from  the  tenth  to  the  fifteenth  day.  Surely  no  one 
would  pretend  to  cure  such  an  anatomical  lesion,  especially  when 
it  had  existed  six  months  or  a  year.  If  Remak  had  lived,  he 
would  probably  regret  to-day  the  therapeutic  announcement  that 
he  formulated  in  a  manner  so  absolute,  and  of  which  he  made  so 
much. 

I  shall,  therefore,  surprise  no  one  by  saying  that,  in  the  appli- 
cations I  have  made  of  continuous  currents,  to  the  treatment  of 
the  paralytic  contractions  of  cerebral  hemiplegia,  I  have  in  general 
obtained  no  appreciable  result.  I  should  add  that,  in  certain 
conditions  that  will  be  specified  when  I  speak  of  cerebral  paralysis, 
this  method  of  galvanization  is  not  free  from  danger,  and  that 
hence  it  is  necessary  to  be  very  circumspect  in  its  employment. 

I  make  one  reservation  to  my  statement  that,  in  general,  I  have 
obtained  nothing  by  Keniak's  method, — viz.,  in  some  cases  I 
have  observed,  after  the  application  of  his  mode  of  galvanization, 
a  diminution  of  the  contractions  and  an  improvement  in  the  moti- 
lity ;  but  to  this  I  must  add,  that  I  have  sometimes  obtained  the 
same  by  faradization  of  the  antagonists  of  the  contracted  muscles. 
How  are  such  results  to  be  explained  ?  I  also  might  advance  my 
theory  ;  but  I  declare,  beforehand,  that  I  attach  little  importance 
to  it. 

Whatever  it  may  be,  the  general  conclusion  to  be  drawn,  as 
regards  therapeutics,  is  that  the  two  methods  may  or  ought  to  be 
employed  concurrently  or  alternately ;in  the  treatment  of  paralytic 
contractions  arising  from  a  cerebral  cause.  Such,  at  present  at 
least,  is  what  I  practise  habitually. 

I  have  tried,  during  several  months,  the  hypostheuizing  action 
■  of  continuous  currents  upon  the  nerve-trunks,  in  cases  of  cerebro- 
spinal or  chronic-spinal  meningitis.  I  am  not  at  present  in  a 
position  to  express  an  opinion  upon  the  therapeutic  value,  having 
received  but  two  cases.  In  these,  however,  I  have  not  obtained 
any  appreciable  modification. 

E. — Functional  spasms  {Scriveners  palsij,  &c.). — Neuralgic  contrac- 
tions called  rheumatic. — Bejlex  ascending  contractions  from  arti- 
cular injuries. —  Chorea. 

(a).  Fwnctional  spasms. — When  I  come  to  treat  of  functional 
spasm,  in  the  second  Part,  I  shall  have  to  say  that  localized  fara- 
dization has  appeared  to  me  to  be  most  frequently  powerless  against 
this  nervous  affection.  It  will,  therefore,  be  understood  that  I 
have  not  neglected  the  application  of  those  continuous  currents 
which  Remak,  and  some  of  his  adepts,  say  that  they  have  applied 
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successfully  against  writer's  spasm.  I  have  frequently  had  occasion 
to  see  this  local  affection  among  my  patients ;  and  it  is  not  a 
single  case  only  that  I  have  treated  by  the  method  so  much 
extolled  by  him.  I  regret  having  to  say  that  I  have  yet  to 
wait  for  a  cure.  I  have  not  seen  even  one  success  obtained  by 
those  who  have  praised  the  treatment:  on  the  contrary,  the 
majority  of  the  cases  that  during  several  years  have  presented 
themselves  for  consultation  have  been  treated  without  benefit  by 
the  continuous  currents,  and  the  number  is  now  large.  I  will 
mention,  as  an  example,  a  very  remarkable  case  that  Avas  sent  to 
me  by  Professor  Germain  See,  in  1869,  upon  which  M.  Onimus 
had  applied  continuous  currents  for  about  a  month  without  any 
appreciable  result.  (The  patient  still  presented  the  marks  of  the 
electrolytic  action  of  the  rheophores.)  It  is  useless  to  add  that 
the  faradization  tried  by  myself  failed  like  the  continuous  current. 
I  nevertheless  advise  its  application  in  the  treatment  of  writer's 
cramp,  and  shall  myself  continue  its  employment  in  this  affection, 
since  conscientious  observers  declare  that  they  have  obtained  from 
it  good  results. 

(fe). — Indolent  tic. — I  have  applied  the  continuous  current  to  three 
cases  of  indolent  tic  of  the  face,  one  of  which  was  recent  (of  about 
a  month's  standing),  and  limited  to  certain  muscles  (the  zygoma- 
ticus  minor,  levator  labii  superioris  alaeque  nasi,  and  orbicularis 
palpebrarum).  In  this  case  the  contraction  gradually  diminished 
after  the  third  seance,  and  was  cured  in  about  twelve  seances. 
Several  months  after  the  treatment,  I  was  told  that  tlie  tic  had  not 
reappeared,  but  I  have  had  no  later  intelligence.  The  two  other 
cases  appeared  to  me  to  be  rendered  worse  by  the  same  treatment. 

Localized  faradization,  which  I  have  applied  sufSciently  often  in 
indolent  tic,  has  sometimes  produced  a  temporary  amelioration, 
but  not  a  single  cure.  Hence  continuous  currents  appear  to  me  to 
merit  the  preference  in  the  treatment  of  this  disorder. 

(c). — Bheumatic  contractions. — The  local  or  partial  contractions 
produced  by  currents  of  cold  air  (rheumatic),  or  without  known 
cause  (nervous),  the  cases  of  torticollis  from  contraction  of  the 
stern o-mastoid,  the  splenius,  tlie  clavicular  portion  of  the  trapezius, 
or  of  some  deeper  muscle,  such  as  the  rhomboideus,  are  in  general 
cured  by  faradization,  with  rapid  intermissions,  of  the  antagonists 
of  the  contracted  muscles. 

I  have  endeavoured  to  ascertain,  experimentally,  whether  the 
hyposthenising  influence  of  continuous  currents  upon  the  contracted 
muscles  would  be  preferable  to  faradization  of  tlie  antagonists. 
The  continuous  currents  have,  in  general,  produced  only  an 
improvement ;  and  I  have  nearly  always  been  compelled  to  iuive 


202 


LOCALIZED  ELECTRIZATION. 


recourse  to  faradization  of  the  antagonists,  in  order  to  obtain  a 
complete  cure. 

(d). — Ascending  reflex  contraction  from  articular  injuries. — The 
reflex  ascending  contraction,  in  which  I  have  comparatively  studied 
the  therapeutic  action  of  the  continuous  current,  and  of  localized 
faradization,  has  not  at  present,  to  my  knowledge  at  least,  been 
described  or  mentioned  by  authors.  This  kind  of  contraction 
generally  follows  after  violence  exerted  upon  certain  articulations, 
principally  upon  the  articulation  of  the  wrist,  in  falls  upon  the 
back  or  the  palm  of  the  hand,  violence  which  produces  an  arthritis 
more  or  less  intense,  or  a  simple  articular  pain  of  short  duration. 
The  contraction  which  sometimes  appears  a  little  while  after  tiie 
joint  has  ceased  to  be  painful,  and  when  it  appears  to  be  entirely 
cured,  has  its  seat  in  a  larger  or  smaller  number  of  the  motor  mus- 
cles of  the  joint  affected ;  and  at  length  may  extend  to  the  motor 
muscles  of  other  joints  on  the  same  side  of  the  limb.  The  pain, 
limited  at  first  to  the  contracted  muscles,  is  moderate;  but  it  after- 
wards attacks  the  other  muscles,  although  always  remaining  most 
acute  in  those  which  were  originally  afTected ;  and  at  length  it 
attacks  the  nerve-trunks  which  supply  the  muscles,  and,  finally, 
their  origin  in  the  brachial  plexus.  Often,  even  ^vhen  the  contrac- 
tions have  disappeared,  the  patients  are  still  (sometimes  even  for 
years)  sufferers  from  continual  pains  towards  the  origin  of  the 
nerves  of  the  affected  limb,  pains  which  seem  to  be  symptomatic 
of  a  morbid  condition  of  the  spinal  cord.  Lastly,  the  strength  and 
sensibility  of  the  limb  in  which  the  contractions  are  seated,  are 
generally  found  to  be  diminished. 

I  have  cured  many  of  these  reflex  ascending  contractions  by 
faradization  practised  in  a  painful  manner  (with  the  extra  current, 
and  with  rapid  intermissions).  I  shall  here  relate  a  single  case 
that  was  remarkable  for  the  reason  that,  being  of  a  certain  severity, 
it  was  for  more  than  a  year  rebellious  to  various  kinds  of  treat- 
ment, and  even  to  a  long  application  of  constant  currents,  accord- 
ing to  the  method  of  Remak,  the  direction  of  which  were  centrifugal 
during  the  first  two  thirds  of  the  treatment,  and  centripetal  daring 
the  remaining  third,  and  that  it  was  nevertheless  cured  in  a  few 
seances  by  the  faradization,  in  strong  dose  and  with  rapid  intermis- 
sions, of  the  antagonists  of  the  contracted  muscles.  I  give  the  case 
as  a  typical  one,  or  rather  as  a  picture  of  this  kind  of  contraction. 

Case  XV. — Summary.  Beflcx  contraction  of  a  large  number  of  the  motor 
inuscles  of  the  right  upper  extremity,  existing  for  txuo  years,  consecutive  to  an 
arthritis  of  the  wrist  of  that  side,  produced  hj  a  fall  upon  the  hack  of  the  hand, 
rebellious  to  varied  medical  treatment,  and  to  the  application  during  thirty 
seances  of  constant  continuous  curren  ts  (according  to  Ilcmak's  method),  eventually 
cured  in  a  few  seances  by  energetic  faradization  with  rapid  intermissions  of  the 
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antagonists  of  the  contracted  muscles.  Continuance  of  spinal  pains  in  the  cervico- 
dorsal  region. 

Mademoiselle  X  *  *  *,  of  Saint  Brieux,  sixteen  years  of  age,  born  of 
healthy  parents,  of  a  good  constitution,  had  menstruated  regularly  since 
twelve  yeai-s  of  age,  and  had  never  suJBfered  from  serious  illness  or  from 
hysterical  troubles. 

When  eleven  years  old  (in  1861),  she  fell  upon  the  back  of  her  right  hand, 
and  afterwards  complained  of  pain  in  the  radio-carpal  articulation,  witli 
swelling  and  weakness  of  its  movements ;  she  was  compelled  to  keep  the  arm 
in  a  sUng  for  two  months,  after  which  there  remained  only  a  little  weakness. 
When  she  wrote,  this  wealmess  rapidly  increased,  and  pains  were  felt  in  the 
wrist,  retui-ning  at  regular  intervals,  and  continuing  for  one  or  two  hours. 

Towards  the  age  of  thirteen  years  and  a  half,  after  having  danced  one 
evening  with  much  animation,  the  pain  in  the  right  wrist,  which  had  been 
pulled  a  httle  roughly,  returned  with  such  intensity  that  all  use  of  the  hand 
became  impossible.  There  was  neither  redness  nor  swelling  to  be  seen.  The 
pain  continuing,  Jobert  de  Lamballe,  who  was  consiilted  two  months  after- 
wards, advised  the  apphcation  of  flying  blisters  to  the  painful  part,  which 
produced  no  result.  In  December,  1864,  the  pain  still  continued ;  although 
limited  to  the  wrist,  it  forbade  all  movement  or  use  of  the  hand,  and  occa- 
sioned loss  of  rest.  At  this  period  M.  Nelaton  was  consulted,  and  he  applied 
an  immovable  compressive  apparatus,  which  was  renewed  every  ten  days, 
and  frictions  of  tuictui-e  of  iodine. 

This  apparatus  was  employed  for  four  months,  but  without  result ;  the  pain, 
on  the  contrary,  became  more  severe,  and  after  two  months  a  contraction 
appeared  in  the  radial  and  pronator  muscles  of  the  injured  side.  During  the 
year  1865,  by  the  advice  of  Dr.  Eegnault  of  Eennes,  recourse  was  had  in 
succession  to  six  flying  blisters,  to  sea-bathing,  to  the  application  of  hot  sand, 
to  aromatic  baths,  and,  finally,  to  superficial  cauterization  over  the  affected 
muscles,  and  all  without  modifying  the  pain  or  the  contraction. 

In  1866,  Mademoiselle  x  *  *  *  returned  to  M.  Nelaton,  who  sent  her  to 
me.  1  then  found  the  follovring  condition:  permanent  flexion  of  the  hand 
upon  the  forearm,  with  pronation ;  the  patient  being  unable  to  extend  the 
wrist  or  to  supinate  the  hand.  With  some  effort,  however,  I  was  able  to 
restore  the  position  of  the  hmb,  producing  cries  of  pain  from  the  patient ; 
and,  when  left  alone,  it  returned  to  its  former  position.  The  use  of  the  hand 
was  lost ;  there  was  perfect  movement  of  shoulder  and  elbow ;  the  limbs  had 
preserved  their  natural  size ;  the  general  health  was  satisfactory ;  the  appe- 
tite was  good ;  there  was  no  lesion  of  the  circulation,  and  no  appearance  of 
anaemia.  I  advised  at  that  time  the  application  of  continuous  cui'rents,  and 
a  ferruginous  treatment.  The  first  part  was  postponed  on  account  of  an 
epidemic  of  cholera  that  then  prevailed  in  Paris.  Mademoiselle  x  *  *  *  had 
scarcely  returned  to  her  home  when  the  contraction  extended  to  other 
muscles :  the  flexors  of  the  fingers  kept  the  hand  constantly  shut,  so  that  the 
nails  penetrated  the  skin;  deep  pains  were  felt  towards  the  origin  of 
the  brachial  plexus,  and  descending  to  the  dorsal  region  ;  then  fever  super- 
vened, with  insomnia.  Cupping  was  practised  three  or  four  times  over  the 
painful  part,  then  flying  blisters  were  applied  to  the  same  region,  but  without 
any  improvement. 

On  her  retui-n  to  Paris,  April  18th,  1866,  Mademoiselle  X  *  *  *  came  to  mo 
-again.  I  foiind,  in  the  right  upper  extremity,  contractions  of  the  superficial 
and  deep  flexors  of  the  fingers,  of  the  biceps  brachialis,  and  of  most  of  tho 
muscles  which  move  the  arm  upon  the  shoulder.  These  contractions  called 
forth  pains  in  the  whole  lirab,  and  in  the  cervico-dorsal  portion  of  the  S]jino, 
pains  which  were  increased  when  an  attempt  was  made  to  overcome  tho 
contractions.  The  continuous  flexion  buried  the  nails  in  the  palm  of  tho 
hfuid,  which  was  inflamed,  and  threatened  to  ulcerate ;  there  was  the  greatest 
difliculty  in  extending  the  fingers.  The  tluimb,  strongly  com])ressed  between 
the  foiu-  fingers  antl  i\\o  palm  of  the  hand,  was  as  if  atrophied  by  this 
compression,  and  was  more  diificult  to  extend  than  the  fingers ;  the  size  of 
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the  contracted  Umb  was  presei"ved.   The  sleep  was  interrupted,  moreover,  by . 
the  spinal  pain  in  the  dorsal  region ;  tlicre  had  neither  been  headaclie,  nor 
lever,  the  menstruation  was  regular,  and  the  appetite  and  general  liealth  . 
were  good. 

Galvanic  treatment,  by  continuous  and  reflex  ciu-rents,  was  commenced  i 
immediately.  I  employed  a  pile  composed  of  80  sulphate  of  lead  elements,  so 
graduated  as  at  first  to  give  only  a  force  of  10,  20,  or  30  elements,  according 
to  the  maximum  of  tolerance,  which  was  different  on  different  poiats  on 
wliich  the  rheophores  were  placed.  Sometimes  the  negative  rlieophore  was 
placed  over  tlie  course  of  the  median  nerve,  at  the  lower  part  of  the  fbream, 
and  the  positive  at  the  bend  or  the  middle  part  of  the  arm,  over  tlie  cour.se 
of  the  same  nerve ;  sometimes  the  contracted  hand  was  immersed  in  water 
that  was  iu  communication  with  the  negative  pole ;  while  the  positive  pole 
was  placed  either  at  the  origia  of  the  cervical  and  dorsal  nerves,  or  over  the 
brachial  plexus,  or  over  the  coui'se  of  the  nerves  that  proceed  from  it. 

After  about  ten  seances,  the  patient  was  able  a  little  to  correct  the  position 
of  the  wrist  during  the  passage  of  the  current ;  but  this  power  ceased  vnth 
the  operation.  From  this  time  the  hand  jDrogressively  opened,  and  remauied 
open  at  fii'st  for  some  minutes,  and,  after  further  applications,  for  some 
hours  after  each  galvanization.  Then  the  patient  was  able  to  open  and 
shut  the  hand  a  httle  at  will;  but  a  few  days  later  menstruation  set  in, 
and  the  contraction  of  the  flexors  of  the  fingers  became  as  complete  as 
before. 

After  a  repose  of  six  days,  the  application  of  the  continuous  current  was 
renewed  as  before ;  and,  at  the  end  of  three  seances,  the  contraction  of  the 
flexors  of  the  fingers  and  thumb  had  disappeared.  But  the  spasms  continued 
in  the  other  muscles,  and  increased  in  the  biceps,  and  even  in  the  radial 
muscles,  until,  although  Mademoiselle  X  *  *  *  could  open  and  shut  the  hand 
freely  enough,  it  remained  in  a  state  of  supination  and  forced  extension, 
which  rendered  it  useless. 

The  continuous  ctu-rent,  employed  for  twelve  days  longer  in  an  ascending 
dii'ection,  produced  no  improvement  in  the  state  of  these  conti-actions. 

I  then  determined,  before  abandoning  electric  treatment,  to  try  localized 
faradization  with  rapid  intermissions.  I  apphed  it  very  energetically  to  the 
antagonists  of  the  contracted  muscles,  to  the  pronator  teres,  the  tricei)S 
brachiaUs,  the  interossei,  and  to  the  extensors  of  the  fingers.  To  my  great 
surprise,  in  the  coui'se  of  a  few  minutes  all  the  contractions  had  completely 
disappeared.  The  result  obtained  so  rapidly  was  maintained,  and  half  an 
hour  after.  Mademoiselle  X  *  *  *  could  write,  and,  in  my  jDresence  even 
played  scales  upon  the  piano,  which  she  had  been  unable  to  do  for  more  than 
two  years.  The  localized  faradization  was  continued  for  twelve  days  longer, 
in  order  to  confirm  the  cui'e,  and  to  increase  the  strength  and  sensibihty  of 
the  hand.  After  twelve  seances,  the  force  of  the  flexors  of  the  luigers  winch, 
measured  by  my  dynamometer,  at  first  scarcely  equalled  four  kilogrammes, 
had  mounted  to  eighteen. 

Eeturned  to  her  home.  Mademoiselle  x  *  *  *  preserved  the  full  use  of  the 
right  hand  and  arm  until  December  186G,  but  with  the  fii'st  access  of  severe 
cold  her  forearm  was  rendered  supine  by  contraction  of  the  supinator  brevis : 
the  hand  preserving  full  hberty  in  all  its  movements.  The  pain,  wliich  had 
extended  from  the  last  cervical  vertebra  to  the  middle  of  the  dorsal  region, 
returned  more  acutely.  Blisters,  di-essed  with  morphia,  dry  cupping,  and 
opium  internally,  were  used  Avithout  success. 

On  the  29th  of  September,  1867,  Mademoiselle  X  *  *  *  was  brought  to  mo 
in  this  condition.  In  a  few  seances  I  again  mastered  the  contraction  of  llio 
supinator  brevis,  by  energetic  faradization  of  the  antagonists  with  rapid  inter- 
missions. I  was  afterwards  able  notably  to  diminish  the  spinal  pains  by 
electro-cutaneous  excitation  over  their  seat.  Since  then,  tlie  contractions 
have  not  reappeared ;  but,  some  weeks  after,  the  sjiinal  pains  returned,  more 
acutely  than  over,  with  exacerbations  during  the  m'glit ;  and  they  still  con- 
tinued in  1HG9,  notwithstanding  all  the  medication  that  Wiis  cmiiloyed. 
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1  purpose  to  return,  in  the  second  Part,  to  the  pathological  ques- 
tions that  underlie  the  foregoing  record  ;  and  I  confine  myself  for 
the  present  to  remark  on  the  evidence  that  it  affords  towards  a 
therapeutic  conclusion  with  regard  to  the  respective  usefulness  of 
continuous  currents  and  of  localized  faradization. 

Although  I  have  generally  obtained  a  cure  of  rheumatic  contrac- 
tions by  energetic  faradization,  with  rapid  intermissions,  of  the 
antagonist  muscles,  it  has  been  seen  that,  in  the  foregoing  case  of 
reflex  ascending  contraction  from  articular  injury,  I  gave  the 
preference  to  reflex  galvanization  by  a  continuous  current.  This 
seemed  to  me  to  be  the  more  rational  course.  It  was  manifest 
that  the  contractions  had  been  caused  by  the  articular  irritation 
consequent  upon  the  fall  on  the  wrist,  and  hence  that  they  were 
reflex.  Believing  that  they  Avere  symptomatic  of  a  hypersemic 
condition  of  a  point  in  the  cervical  region  of  the  cord,  correspond- 
ing to  the  origin  of  the  brachial  plexus,  the  application  to  the 
upper  limb  of  that  reflex  galvanization  by  a  descending  continuous 
current,  that  is  considered  to  be  an  hyposthenisant,  seemed  to  be 
entirely  indicated,  and  to  offer,  in  a  rebellious  case  already  of  some 
duration,  a  better  prospect  of  success  than  localized  faradization  of 
the  antagonists  of  the  contracted  muscles.  It  has  been  seen  also 
that  I  was  deceived  in  my  hope ;  that  the  treatment,  applied  for  a 
long  time,  and  in  accordance  with  the  "rules  laid  down,  showed 
itself  to  be  powerless  against  this  kind  of  contraction ;  that  before 
abandoning  electricity  I  wished  to  try,  although  success  appeared 
improbable,  faradization  of  the  antagonist  muscles ;  and  that  then, 
to  my  great  surprise,  I  obtained  a  cure  of  the  contraction  with 
great  rapidity. 

The  action  of  this  mode  of  faradization  of  the  antagonist 
muscles  was  so  heroic  that,  notwithstanding  the  persistence  of 
spinal  piiins,  it  rapidly  conquered  for  the  second  time  the  contrac- 
tion of  the  supinator  brevis,  which  had  returned  and  had  continued 
for  several  months. 

I  shall  show  hereafter  that  the  spinal  pains  were  symptomatic 
of  a  secondary  morbid  condition  of  the  spinal  cord  (sclerosis) 
which  still  existed  in  JSTovember,  1869,  and  which  is  the  ordinary 
termination  of  a  reflex  ascending  contraction  from  articular  injury  ; 
and  that  their  long  persistence  gives  to  the  case  a  certain  degree 
of  gravity. 

(e).  Chorea. 

Case  XVI.— I  have  submitted  to  the  action  of  the  continuous  cm-rents, 
of  from  30  to  50  elements  of  my  sulphate  of  lead  battery,  two  cases  of 
chorea,  in  young  subjects  aged  respectively  foui'teen  and  sixteen  years ;  the 
current  traversing  the  affected  limbs  and  the  vertebral  column,  in  a  direction 
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sometimes  ascending  and  sometimes  descending,  and  each  seance  having  lasted  1 
from  ten  to  fifteen  minutes.    In  one  of  these  cases,  both  the  upper  and  one  of 

the  lower  limbs  were  affected  by  the  partial  muscular  contractions.   The  i 

patient  was  cured  in  fifteen  applications ;  a  progressive  improvement  having  | 

been  obtained  after  the  first  few.    The  other  case,  in  which  the  muscular  i 

spasms  were  less  general,  but  of  more  than  a  year's  duration,  derived  no  i 

benefit  from  the  continuous  cui-rent,  which  was  applied  in  the  same  manner,  ! 

These  two  cases  afford  confirmation  of  what  had  been  already  ; 
established  by  others  (Remak,  Hiffelslieim,  Benedikt,)  that  chorea  i 
may  sometimes,  but  not  always,  be  cured  by  the  continuous  i 
current.  ' 

I  should  remark  that  localized  faradization,  especially  by  reflex  j 
action,  may  also  count  its  cures  of  chorea.  I  have  myself  obtained  i 
them,  although  I  have  only  treated  a  very  small  number  of  cases. 
Some  have  even  been  cured  by  static  electricity. 

Since  chorea  may  thus  be  cured  by  all  kinds  of  electrization,  it 
behoves  us  to  seek  in  the  future  what  proceeding  or  method,  i 
whether  faradization  or  galvanization,  deserves  the  preference  in  i 
its  treatment.  ' 

M.  Onimus  says  that,  in  the  treatment  of  chorea,  "indiuition 
currents  are  rejected  hy  all  physicians  who  are  engaged  in  electro- 
therapeutics," and  then  he  describes  a  treatment  by  continuous 
currents,  which,  he  says,  "Aas  ahvays  succeeded  with  him  in  this  affec- 
tion, and  which  consists  in  causing  the  passage  of  an  ascending  con-  i 
tinuous  current  through  the  linibs  or  through  the  vertebral  column  i 
during  from  thirty  to  fifty  minutes.''''^ 

What  I  have  already  said  about  the  therapeutic  influence  of  i 
induction  currents,  especially  when  applied  by  reflex  action,  in  the  i 
treatment  of  chorea,  proves  that  this  writer  is  deceived  when  he 
states  that  they  are  abandoned  by  all  who  practise  electro- 
therapeutics. 

I  cannot  believe  that  he  thinks  that  the  method  proposed  by 
him,  of  galvanization  by  an  ascending  continuous  current,  would 
always  succeed  in  the  treatment  of  chorea,  for  he  has  only  applied 
it  in  a  few  cases.  Moreover,  every  experienced  practitioner  knows 
that,  in  order  to  judge  of  a  therapeutic  question,  we  require 
numerous  facts,  and  the  test  of  time. 

Is  it  thoroughly  demonstrated,  as  M.  Onimus  aflirms,  that  the 
continuous  ascending  current  has  an  advantage  over  the  descend-  t 
ing  for  the  cure  of  chorea.  It  seemed  to  me  that  an  experimental 
counter-proof  was  necessary.  I  proceeded  to  apply  it,  and  the 
result  is  shown  in  the  following  case,  which  is  given  only  in 
outline. 


^  Onimus,  Be  Vacl.ion  des  courants  continus  dans  le  traitement  de  In  choree  {Gaz. 
n6p.,  IS  Sept.,  1869). 
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Case  XVil.— On  tho  day^  on  which  tlio  discovery  of  this  curious  thera- 
peutic proi^evty  of  tho  ascending  current  was  announced  by  M.  Onimus  in  tlio 
Gazette  des  Hapitaux,  an  opportunity  for  tlie  required  counter-proof  was 
afforded  me  by  the  case  of  a  young  hxd,  who  had  been  suifering  from  chorea 
five  mouths.  I  caused  the  passage  of  a  descending  current  from  30  elements 
of  my  sulphate  of  lead  battery,  dui-ing  five  or  six  minutes,  through  each  of  tho 
Limbs  agitated  by  choreic  contractions.  The  hands  were  placed  alternately 
in  a  basin  of  water  in  relation  with  the  negative  pole  ;  and  the  rheophore  of 
the  positive  pole  was  placed  on  a  point  corresponding  to  the  origin  of  the 
bracliial  plexus.  After  the  second  application,  the  agitation  of  the  upper 
limbs  had  notably  diminished.  I  then  passed  a  descending  current  through 
the  lower  limbs  and  (foUowmg  the  dii-ection  of  the  spmal  cord)  through  the 
ti'unk,  which  was  the  seat  of  some  isolated  convulsive  contractions.  From 
that  time  the  improvement  was  progressive,  and  after  fourteen  applications 
the  young  patient  was  cui'ed. 

It  is  possible,  and  even  probable,  that  a  greater  or  less  number 
of  cures  of  chorea,  obtained  by  other  observers,  have  also  been  by 
the  agency  of  the  descending  continuous  current.  But  the  case  I 
have  recorded,  even  if  it  were  solitary,  proves,  contrary  to  the 
assertion  of  M.  Onimus,  that  the  descending  continuous  current 
possesses,  like  the  ascending  current,  the  power  to  cure  chorea. 

Is  this  therapeutic  action  of  the  descending  equal  to  that  of  the 
ascending  current  ?  I  reserve  this  question  for  future  inquiry. 

(F). — Progressive  muscular  atrophy.  Sclerosis. — Do  the  continuous 
currents,  by  reflex  action,  exert  upon  the  nervous  centres  a  more 
favourable  influence  than  localized  induction  currents,  in  modifying 
the  conditions  of  local  circulation  or  nutrition ;  for  example,  in 
progressive'  muscular  atrophy,  or  in  sclerosis  of  the  cord.  The 
affirmative  is  maintained  by  Remain,  and  by  the  exclusive  par- 
tisans of  continuous  currents. 

I  shall  show,  in  the  second  Part,  that  localized  faradization  is 
one  of  the  best  means  of  immediately  •  encountering  the  disorders 
that  are  symptomatic  of  the  maladies  in  question.  Thus,  for 
example  :  1.  in  progressive  muscular  atrophy,  muscular  faradiza- 
tion will  sometimes  arrest  the  progress  of  the  wasting,  and  will 
even  develop  the  muscles  that  are  on  the  way  to  destruction; 
2,  in  glosso-labio-laryngeal  paralysis  it  improves  for  a  time  the 
articulation  of  words  and  the  deglutition ;  3.  in  locomotor  ataxy, 
electro-cutaneous  faradization  often  cures  local  amesthesia,  and 
consequently  much  diminishes  the  functional  disorders  that  it 
"occasions  when  seated  in  the  extremities ;  it  sometimes  causes  the 
disappearance  of  fixed  cutaneous  hyperassthesia ;  faradization  of 
the  eye  may  arrest  atrophy  of  the  papilla  of  the  optic  nerve ;  and, 
lastly,  faradization  sometimes  cures  or  removes  paralysis  of  tho 
motor-muscles  of  the  bladder,  the  rectum,  and  other  viscera. 

In  the  presence  of  such  results,  and  especially  when,  after 
having  applied  faradization  in  a  general  manner,  I  had  seen  the 
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disappearance  of  the  symptoms  of  progressive  locomotor  ataxy,  I 
conceived  the  . hope,  at  the  commencement  of  my  researches  into 
this  disease,  and  prior  to  describing  it,  that  faradization  would  be 
one  of  the  best  means  of  treatment  by  which  it  could  be  opposed. 

But,  unfortunately,  experience  soon  taught  me  that  the  results 
obtained  locally — all  incontestable  as  they  were — were  still  but 
temporary ;  that  the  cure  of  the  disease  was  only  apparent ;  that, 
in  its  normal  course,  ataxy  is  essentially  remittent ;  that  it  was 
not  uncommon  to  see  the  occurrence,  even  spontaneously  (among 
unfortunates  who,  for  want  of  means,  were  unable  to  pursue  any 
treatment)  of  remissions  of  even  long  continuance  (sometimes  of  a 
year  or  more),  during  which  all  the  symptoms  of  the  malady  had 
disappeared,  so  that  it  was  possible  to  believe  it  to  be  entirely  cured. 
I  must,  in  one  word,  acknowledge  that,  perchance,  the  faradiza- 
tion may  have  been  applied  coincidently  with  one  of  these  periods 
of  remission  ;  but  the  ataxy  none  the  less  resumed,  after  a  time,  its 
progressive  course.  The  same  may  apply  to  glosso-labio-laryngeal 
paralysis. 

Remak  and  his  adepts  have,  however,  announced  that  constant 
continuous  currents  have  power  to  cure  the  profound  lesions  of  the 
nervous  centres  which  are  characteristic  of  progressive  locomotor 
ataxy.  I  accepted,  as  a  great  benefit,  the  promise  of  a  medication 
that  should  be  efficacious  in  the  treatment  of  this  malady,  the 
march  of  which  has  appeared  to  me  to  be  so  fatal  that,  in  describ- 
ing it,  I  gave  it  the  name  "progressive,"  and  I  hastened  to  test  the 
value  of  the  plan  proposed. 

I  do  not  yet  venture  to  formulate  my  opinion  of  the  actual  thera- 
peutic value  of  continuous  currents  in  these  organic  lesions  of  the 
nervous  centres.  I  cannot  so  soon  forget  the  lesson  that  I  drew 
^  from  my  illusions  about  the  seemingly  happy  results  of  my  first 
applications  of  faradization  in  similar  cases.  I  even  fear  that  those 
who  have  published  cases  of  the  cure  of  locomotor  ataxy  by  con- 
tinuous currents  may  have  been  too  hasty  in  their  conclusions. 
They  possibly  may  not  be  sufficiently  aware  of  what  sometimes 
occurs  in  the  natural  course  of  the  disease,  without  any  treatment 
whatever, — of  the  long  remissions  that  I  have  described,  during 
which  the  symptoms  may  so  far  disappear  that  the  patient  may 
seem  to  be  definitely  cured. 

Y. — Galvanization  by  Permanent  Continuous 
Constant  Currents. 

Galvanization  by  permanent  continuous  constant  currents,  con- 
sists in  causing  the  passage  of  these  currents  through  organs, 
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without  intermissions,  for  as  long  a  time  as  possible  (from  thirty- 
minutes  to  several  hours),  and  in  reducing  to  a  minimum  the 
action  of  tlie  completion  and  of  the  interruption  of  the  circuit. 

It  is  in  this  kind  of  galvanization  that  we  have  most  to  fear 
the  electrolytic  action  of  the  battery.  Hiffelsheim,  who  has 
most  extolled,  as  I  have  already  stated  (see  p.  184),  the  therapeutic 
application  of  permanent  continuous  currents,  has  constructed  a 
small  sulphate  of  lead  battery,  formed  of  80  or  100  elements, 
which  are  each  5  or  6  centimetres  in  length  by  8  in  width. 
Although  this  little  battery,  the  current  of  which  is  very  constant 
and  the  tension  sufficiently  great,  exerts  a  comparatively  feeble 
electrolytic  action,  yet  we  have  already  seen  that  the  permanence 
of  the  current,  and  its  long  passage  at  the  same  point,  will  affect 
the  cutaneous  surface  more  or  less  deeply  (Case  XV.  p.  184.) 
It  is  therefore  necessary  to  know  exactly,  under  such  circum- 
stances, the  electrolytic  power  of  the  battery  that  we  are  about 
to  use,  and  to  know  how  long  the  rheophores  of  its  permanent 
current  may  remain  in  contact  with  the  same  points  of  skin, 
without  producing  vesications  or  eschars. 

It  is  hardly  necessary  to  point  out  that  galvanization  by  per- 
manent continuous  currents  should  also  be  divided  into  reflex 
and  localized ;  that  the  former  acts  specially  upon  tbe  nervous 
centres,  and  the  latter  upon  the  periphery. 

Does  reflex  galvanization  by  stabile  permanent  continuous 
currents  of  long  duration  (that  is  to  say,  for  seances  of  from  half 
an  hour  to  several  hours  in  length,  and  necessarily  of  a  dose 
comparatively  feeble)  exert  upon  the  nervous  centres  a  more 
powerful  therapeutic  influence  than  that  of  reflex  galvanization 
by  continuous  (stabile)  currents,  mixed  with  intermissions  ?  I 
must  reserve  my  reply  to  this  question,"  which  I  am  now  engaged 
in  studying  experimentally. 

I  have  seen  localized  galvanization  by  permanent  continuous 
currents  exert  a  resorbent  action,  that  Kemak  has  called  catalytic, 
in  chronic  articular  affections  with  nodosities,  in  ganglionic 
tumours,  in  one  case  of  muscular  tumour  of  obscure  character  (I 
regret  not  to  have  treated  in  this  manner  an  analogous  case  to 
which  I  was  called  in  consultation  witli  M.  Nelaton),  and  lastly 
in  atrophy  of  the  deltoid  produced  by  rheumatism.  I  have  not 
the  time  to  devote  myself,  on  a  sufficiently  large  scale,  to  inves- 
tigations of  this  kind;  interesting,  it  is  true,  but  which  would 
take  me  too  much  away  from  my  habitual  clinical  study  of 
maladies  of  the  nervous  centres,  of  the  nerves,  and  of  the  muscles. 
In  the  cases  in  which  I  have  been  obliged  to  apply  or  to  cause  the 
application  of  this  treatment,  I  have  covered  the  greater  part  of 
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the  cutaneous  surface  corresponding  to  the  diseased  organ  or 
region  with  a  moist  rlieophore  (a  plate  of  platinized  copper, 
covered  with  wet  leather),  and  I  have  placed  a  second  moist 
rheophore  higher  up,  at  a  jioint  as  near  as  possible  to  the  former. 
Then,  for  lialf  an  hour  or  an  hour,  according  to  the  tolerance  of 
the  individual,  I  have  caused  the  passage  of  a  permanent  con- 
tinuous current  from  10,  15,  or  20  elements  (in  proportion  to 
the  length  of  the  seance),  7  centimetres  in  heiglit,  of  a  sulphate 
of  lead  battery.  I  have  only  habitually  assisted  at  the  one  or 
two  first  applications ;  and  the  patients,  whom  I  have  visited 
from  time  to  time,  have  themselves  continued  the  treatment ; 
with  the  precaution,  well  understood,  to  avoid  the  production  of 
blisters  or  eschars.  I  have  had  no  occasion  but  to  praise,  in  their 
way,  the  catalytic  effects  of  this  mode  of  galvanization;  and 
although  they  are  usually  very  slowly  produced,  I  have  obtained 
a  complete  cure  on  several  occasions.  Remak  has  had  the  great 
merit,  first  of  suggesting,  and  then  of  demonstrating,  the  valuable 
catalytic  effects  of  continuous  constant  currents. 

VI. — The  theeapeuttc  action  op  galvanization  of  the 

SKIN,  AS  COMPAEED  WITH  CUTANEOUS  FARADIZATION. 

Intermittent  cutaneous  galvanization  is  practised  by  applying 
dry  metallic  rheophores  to  the  skin,  previously  dried  by  an 
absorbent  powder;  and  by  the  aid  of  a  rheotome  set  in  motion 
by  clockwork,  the  intermissions  of  which  are  nearly  as  rapid  as 
those  of  the  trembler  of  an  induction  apparatus. 

The  tension  of  a  battery  of  good  electro-motor  power,  such  as 
that  of  my  sulphate  of  lead  battery  of  100  elements,  is  not  suffi- 
ciently great  to  excite  acutely  the  sensibility  of  the  skin ;  if  it 
should  do  so  in  the  same  degree  as  cutaneous  faradization,  as  when 
the  skin  is  slightly  humid,  it  would  be  by  disorganising  it  by  the 
electrolytic  action  of  the  galvanic  current.  Cutaneous  galvaniza- 
tion by  continuous  currents  is  almost  null  when  the  skin  is  dry; 
and,  if  the  skin  be  moist,  it  is  still  less  acute  than  intermittent 
cutaneous  galvanization. 

Consequently,  in  cases  where  it  is  wished  to  produce  upon  the 
skin,  either  for  a  moment,  or  during  several  hours,  a  more  or 
less  powerful  revulsion,  which  may  be  graduated  from  a  simple 
tingling  to  a  sensation  greater  than  that  produced  by  fire,  without 
producing  the  least  electrolytic  or  calorific  alteration,  cutaneous 
galvanization  would  be  either  powerless  or  inconvenient. 

Nothing  but  cutaneous  faradization  will  correspond  to  those 
requirements.    The  clinical  facts  which  I  shall  adduce,  in  the 
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second  Part,  will  show  that  at  its  maximum,  or  in  a  sufficient 
degree  of  force,  I  have  seen  it  cure  angina  pectoris,  and  very- 
painful  sciatic  neuralgia  which  had  resisted  all  medication ;  while 
by  lesser  degrees  I  have  successfully  treated  more  or  less  grave 
neuroses  and  nervous  maladies,  or  certain  dynamic  conditions 
(as  in  diphtheritic  poisoning)  by  exciting  the  precordial 
cutaneous  zone  that  is  in  reflex  relation  with  the  origin  of  the 
pneumogastric. 

General  Conclusions. 

It  is  not  my  intention  to  attempt  a  complete  report  on  the 
therapeutic  application  of  continuous  currents.  I  believe  them 
to  be  destined  to  render  great  services  in  practice.  In  summing 
up  in  this  chapter  my  personal  experience  of  the  applications 
tliat  I  have  made  of  them,  I  am  endeavouring  to  appreciate  them 
at  their  proper  value  ;  and  at  the  same  time  to  guard  the  public 
against  the  exaggerations  of  their  exclusive  partisans.  On  the 
other  hand,  in  showing  the  admirable  results  of  the  employment 
of  localized  faradization,  and  in  proving  by  facts  that,  in  a  large 
number  of  cases,  it  should  not  be  supplanted  by  continuous 
currents,  I  have  wished  to  retain  in  medical  practice  an  excellent 
therapeutic  agent,  however  unjustly  it  may  have  been  depreciated 
by  persons  who  have  not  known  how  to  use  it,  or  who  have  not 
used  it  comparatively;  an  agent,  finally,  the  application  and 
management  of  which  are  easy  and  may  become  general.  If  I 
attain  my  object,  I  shall  have  the  satisfaction  of  having  avoided 
the  great  errors  of  electro-therapeutics,  of  having  preserved  fara- 
dization from  the  disregard  in  which  an  endeavour  has  been 
made  to  place  it ;  and  of  having  largely  contributed  to  its  diffu- 
sion in  medical  practice. 

I  sum  up,  in  the  following  conclusions,  the  principal  facts  that 
have  been  stated  or  demonstrated  in  this  chapter. 

I.  The  exclusive  partisans  of  the  therapeutic  application  of 
continuous  currents,  who,  with  the  object  of  obtaining  the  pre- 
valence of  their  method,  have  charged  localized  faradizatioii  not 
only  with  being  powerless  in  the  treatment  of  paralysis,  either 
.with  or  without  atrophy,  but  also  with  being  hurtful  by  exerting 
a  paralyzing  action  upon  the  vaso-motor  nerves,  these  galvano- 
therapeutists,  I  say,  have  ignored  or  misunderstood  the  admirable 
results  of  the  employment  of  localized  faradization,  in  the  treat- 
ment of  these  affections,  upon  a  great  scale,  for  more  than  twenty 
years  (see  §  I,  p.  147) ;  in  consequence,  if  they  have  not  obtained 
the  same  results,  they  have  but  to  blame  themselves  for  not 
having  followed  the  precepts  that  I  have  established  after  long 
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clinical  experiment.  It  is  shown  elsewhere  that  the  majority  of 
them  have  not  made  any  comparative  use  of  faradisiation  and 
of  continuous  currents. 

II.  — The  electro-physiological  experiments,  made  by  many  of 
them,  and  which  have  served  as  the  basis  of  the  attacks  recently 
directed  against  the  therapeutic  use  of  localized  faradization, 
have  been  badly  interpreted,  or  are  inexact.  Contrary  to  certain 
assertions,  the  continuous  constant  currents  and  the  induction 
currents,  in  equivalent  doses,  exert  an  identical  action  upon  the 
vaso-motor  constrictors.    (See  §  II.,  p.  149.) 

III.  — The  therapeutic  action  of  localized  faradization  is  exerted 
peripherally,  especially  in  promoting  local  circulation,  and  pro- 
bably in  exciting  the  trophic  nerves  which  govern  nutrition. 
(See  §  III.,  p.  153.) 

IV.  — The  fundamental  principles  of  the  different  methods  of 
galvanization  which  have  been  lauded  in  their  turn,  have  not  at 
present  been  expressed  with  sufficient  clearness;  whence  may  be 
explained  the  disagreement  of  experimenters  with  regard  to  the 
results  of  the  therapeutic  application  of  galvanic  currents.  In 
the  clinical  researches  that  I  have  made  upon  the  comparative 
therapeutic  value  of  galvanization  and  faradization,  I  have  divided 
the  former  into  localized  galvanization  by  intermittent  currents, 
localized  galvanization  by  permanent  continuous  constant  currents, 
and  reflex  galvanization  by  labile  and  stabile  continuous  constant 
currents.    (See  §  III.,  p.  191  et  seq.) 

V.  — A  considerable  number  of  paralytic  affections — I  mention 
this  in  the  present  place  before  making  known  the  result  of  com- 
parative researches — may  be  cured  by  any  kind  of  electric 
excitation  (faradization,  galvanization,  static  electricity),  in  what- 
ever manner  it  may  be  applied.    (See  p.  190.) 

VI.  — Localized  muscular  galvanization  by  interrupted  currents, 
applied  with  a  battery  of  sufiScient  electro-motor  power,  has 
appeared  to  me  to  exert  nearly  the  same  therapeutic  action  as 
localized  muscular  faradization ;  but  the  latter  is  to  be  preferred, 
because,  unlike  the  former,  it  exerts  no  painful  electrolytic  action  ; 
and  because  the  instruments  which  furnish  the  induction  current 
are  of  small  bulk,  portable,  and  inexpensive,  while  the  batteries 
which,  in  these  cases,  should  be  composed  of  a  large  number  of 
elements  (about  a  hundred),  are  difficult  of  management,  and  only 
applicable  in  the  reception-room  of  the  specialist.    (See  p.  192.) 

VII.  — The  electro-physiological  phenomenon  which  ibrras  the 
principal  basis  of  tlie  method  of  reflex  galvanization  by  continuous 
currents  extolled  by  Kemak, — a  phenomenon  which  consists  in  the 
production  of  tetanoid  contractions  in  muscles  supplied  by  the 
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nerve  antagonistic  to  tliat  through  which  a  strong  constant 
current  (of  thirty  of  Daniell's  couples  at  least)  is  passing  and 
which  he  has  called  galvano-ionic  contractions  or  shortenings,  this 
electro-physiological  phenomenon,  I  say,  is  imaginary.  I  have 
never  seen  it  produced  in  any  of  the  numerous  experiments  which 
I  have  made  publicly  upon  healtliy  men.    (See  page  179.) 

VIII.  — It  is  true  that  reflex  contractions  are  sometimes  pro- 
duced in  certain  pathological  conditions;  that  we  may  see,  for 
example,  in  paralytic  contractions  of  the  muscles  supplied  by  the 
median  nerve,  consecutive  to  cerebral  haemorrhage,  the  hand  open, 
the  wrist  and  fore-arm  become  extended,  during  the  passage  of  the 
continuous  current  through  the  nerve;  but  this  phenomenon  in 
no  way  confirms  the  theory,  imagined  by  Remak,  of  the  so-called 
galvano-tonic  contractions.  In  fact,  in  these  morbid  conditions 
the  spinal  cord,  being  in  a  state  of  extreme  excitability,  any 
emotion  whatever,  as  well  as  the  act  of  sneezing  or  yawning,  is 
sufficient  to  provoke  the  same  reflex  contractions. 

The  power  to  produce,  in  these  morbid  conditions,  reflex  spasms 
in  the  antagonists  of  the  contracted  muscles,  is  therefore  a  property 
common  to  many  excitants ;  and,  consequently,  the  denomination 
of  galvano-tonic,  given  to  these  spasms,  cannot  be  justified.  (See 
a,  page  197). 

IX.  — The  hyposthenizing  or  paralyzing  action  (discovered  by 
Eckhart)  of  continuous  currents  upon  the  nerve-trunks,  may 
perhaps  account  for  the  therapeutic  action  which  they  sometimes 
exert  on  paralytic  contractures.    (See  h,  p.  199). 

X.  — Contrary  to  the  assertion  of  Remak  and  his  followers,  con- 
tractures consecutive  to  cerebral  htemorrhage  are  seldom  cured  or 
improved  by  continuous  currents  applied  after  Remak's  manner; 
because  such  contractures  are  nearly  always  (a  fact  which  Remak 
ignores)  symptomatic  of  secondary  sclerosis  of  certain  fibres  of  the 
cord.    (See  e,  p.  199). 

XI.  — Rheumatic  contractures,  and  ascending  contractures,  after 
articular  injury  (an  affection  not  hitherto  described),  can  be  better 
treated  by  energetic  faradization  of  the  antagonists  of  the  con- 
tracted muscles  than  by  continuous  currents.  (See  c  and  d,  pp. 
201,  202). 

XII.  — The  atrophic  paralysis  consecutive  to  injuries  of  tlie 
nerves  is,  in  general,  less  quickly  and  less  completely  cm-ed  by 
continuous  currents  (according  to  Remak's  method)  than  by  local- 
ized muscular  faradization ;  but  the  combination  of  both  metliods 
has  appeared  to  me  to  yield  tlie  most  satisfactory  results  in  the 
treatment  of  these  affections.    (See  A,  p.  193). 

The  same  statement  will  tq>ply  to  lead -palsies  ;  although. 
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according  to  Kemak  and  some  of  liis  followers,  they  are  not  even 
susceptible  of  amelioration  by  tlie  influence  of  induction  currents 
(See  B,  p.  194). 

Xllf, — It  seems  to  me,  however,  to  follow  from  some  of  my 
experiments  that,  in  the  affections  referred  to  above  (XI.  and  XII.), 
a  combination  of  the  two  methods  of  electrization,  applied  alter- 
nately, produces  the  most  prompt  and  most  satisfactory  results ; 
and  that,  in  any  case  in  which  localized  faradization  has  failed,  we 
should  have  recourse  to  reflex  galvanization  by  continuous  currents, 

XIV. — The  trial  of  the  therapeutic  action  of  reflex  galvanization 
by  continuous  currents  is  indicated  at  an  early  period  of  those 
chronic  affections  of  the  nervous  centres  which  anatomically  form 
a  great  class  of  scleroses  and  atrophies  of  the  structural  elements 
of  the  cord  or  of  the  medulla  (progressive  locomotor  ataxy, 
glosso-labio-laryngeal  paralysis,  scattered  sclerosis).  I  am  unable 
to  arrive  at  any  conclusion  from  my  own  experiments  with  gal- 
vanism in  these  lesions.    (See/,  p.  207). 

XY. — Localized  galvanization  by  permanent  continuous  con- 
stant currents  exerts  a  therapeutic  influence,  by  virtue  of  its 
electrolytic  action,  which  faradization  is  unable  to  replace.  (See 
v.,  p.  208). 

XVI.  — An  induction  current  passing  from  the  anus  to  the  mouth 
(operating  by  reflex  action  upon  the  spinal  cord) — which  has  been 
charged  with  hastening,  or  even  with  occasioning  death,  when 
applied  to  the  treatment  of  asphyxia — re-establishes,  on  the  con- 
trary, if  it  is  applied  in  a  slight  degree,  the  respiration  and  the 
cardiac  circulation,  as  perfectly  as  the  continuous  current  adminis- 
tered in  the  same  manner.    (See  C,  p.  130). 

XVII.  — Cutaneous  galvanization  cannot  be  practised  in  any 
degree  of  intensity  without  producing  alterations  in  the  skin.  It 
can  neither  equal  nor  supplement  faradization  of  the  skin,  by 
which  we  can  instantly  produce  an  effect  on  the  sensibility,  ranging 
from  a  simple  tingling  to  a  pain  greater  than  that  which  would  be 
caused  by  burning,  without  producing  the  slightest  organic  change, 
however  prolonged  the  application.  The  therapeutic  employment 
of  cutaneous  faradization  is  very  frequently  indicated;  and  has 
cured  the  most  grave  neuralgias  and  neuroses,  among  others, 
cases  of  angina  pectoris,  of  asphyxia  (see  I.,  p.  134),  and  of  disorder 
of  the  respiration  and  of  the  cardiac  circulation.    (See  II.,  p.  137). 

BiBLIOGRAPI-IIOAL  InDEX. 

I  have  abstained  in  this  chapter  from  entering  into  historical 
details  of  the  numerous  experimental  electro -physiological  re- 
searches upon  the  action  of  continuous  currents  traversing  lougi- 
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tudinally  tlie  nerves  of  man,  that  liave  been  made  from  the  time 
of  Galvani  to  our  own  day ;  because  these  details  are  to  be  found 
in  special  treatises,  and  because  I  have  not  space  even  for  an 
analysis  of  them.  Moreover,  I  have  wished  to  place  before  my 
readers,  as  far  as  possible,  the  results  of  my  own  researches,  and 
only  to  cite  those  of  others  when  I  wished  to  be  confirmed  by 
them,  or  to  refute  them  as  being  erroneous  and.  in  opposition  to 
my  own.  I  have  already  brought  together,  in  a  bibliographic 
note,  and  in  chronological  order,  the  principal  experimental  and 
physiological  researches  upon  the  action  of  currents  traversing  the 
nerves,  which  have  been  made  from  the  time  of  Galvani  to  that  of 
Matteucci  (from  1791  to  1844). 

It  still  remains  for  me  to  mention,  in  chronological  order,  the 
most  important  subsequent  works  which  have  treated  of  the  same 
subject,  and  especially  those  which  have  dealt  with  therapeutic 
questions : ' — 

Sechner,  '  Lelirbtich  des  Galvanismus  imd  der  Electrochemie.'  Leipzig,  1844. 
AssoN, '  Rapporto  della  commissione  che  ha  fatto  gli  sperimenti  sull'  elettro- 

ponctui-a  come  mezzo  congelante  il  sangue  nelle  arterie  e  suU'  obliterazione 

dalle  vase/  in  Annali  universali  di  Medicina,  1847. 
DuoHENNB  (de  Boulogne).    '  De  I'electrisation  localisee  et  de  son  appUcation 

a  la  tberapetitiqne.'    1st  edit.,  Paris,  1855.    2nd  edition,  1861. 
Heidkneeioh,  '  Phys.-chem.  Untersuchungen  des  Blutes  duch  die  electrlsche 

Saule,'  in  Neue  med.  Zeitung,  1847. 
Du  Bois-Eetmond,  '  Untersuchnagen  tiber  tbierische  Electricitat.'  Berlin, 

1848-49. 

Jallabeet,  'Experiences  sur  I'electricite  appbquee  a  la  medecine.'  Paris, 
1849. 

Gull  (W.),  '  On  the  Value  of  Electricity  as  a  Remedial  Agent,'  in  '  Guy's 

Hospital  Reports,'  1852. 
Baieulacher,  '  Die  Inductions-Electricitat.'   N.iirnberg,  1853. 
EcKHAiu),  '  Grundziige  der  Pbysiologie  des  Nervensystems.'   Giessen,  1854. — 

'  Beitrage  zur  Anatomic  und  Pbysiologie.'    Giessen,  1855. 
ScHULTZ,  'Die  Eeflexwii-kungen  der  Inductions-Electricitat  als  Heilmittcl 

gegen  Abnormitaten  der  Menstruation,'  in  Wiener  med.  Wochenschrift,  1856. 
Hkidenhain,  '  Physiolog.  Studien.'   Berlin,  1856. 

Remak,  'Ueber  metbodiscbe  Electrisirung  motoniscber  Nerven.'  Berlin, 
1855-56.—'  Galvanotberapie  der  Nerven-  und  Muskelkraukbeiten.'  Berlin, 
1858. 

FiOK, '  Die  med.  Pbysik.'   Berlin,  1856. 

Erdmann,  '  Die  ortlicbe  Anwendimg  der  Electricitat  in  Bezug  auf  Pbysiologie, 

Pathologie  und  Tberapie.'   Leipzig,  1856. 
Tiewnen,  '  Die  Electricitat  in  der  Medizin.'   Berlin,  1857. 
Becqderel,  '  Traits  des  applications  de  I'electricitd  a  la  tberapeutique.'  Paris, 

1857. 

Von  Wittioh,  'Ueber  den  Einfluss  des  galvaniscben  Stromes  auf  Eiweiss- 
losungen  imd  Eiweissdiiiusion,'  in  Journ.f.  prakt.  Chemic,  Bd.  Ixxiii.,  1857. 

Rosenthal,  'Pbysikaliscbe  und  pbysiologiscbc  Bomerkungeu  iiber  Elcctro- 
tbcrapie.'  (Deutsche  Klini/e,  1858.) 


'  This  bibliographical  index,  as  far  as  Jaccou(l,Nouv.Dict.deM(fd.etdeChirurgie 
relates  to  works  publi.shod  in  Germany,  praliqtie.  Paris,  1870,  torn,  xii.,  art. 
baa  been  in  great  part  printed  by  M.  liLECTRiciTii. 
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Eegnauld  (Jules), '  Eecherclies  ^lectro-pliysiologiques.'  (Journ.  de  Physiol, 
1858.) 

MouTAED  Martin  et  Laedeatj,  Oaz.  den  Hopitaux,  18o9. 

Chauveau,  'Theorie  des  effets  physiolosiqnes  produits  par  I'^lectricite ' 

(Journal  de  I'hysioJ.,  t.  ii.,  1859,  t.  iii.,  1860.) 
PFLnGER, 'Untersucbungen  iiber  die  Physiologie  des  Electrotomes.'  Berlin 

1859. 

Fano,  '  Flexions  de  I'uterus.'   (Union  mSd.,  1859.) 

Debout,  Bidl.  dc  Tke.mp.,  1860. 

Tripieii,  '  Manuel  d'electrotherapliie.'   Paris,  1861. 

Benbdikt,  'Die  Eesultatc  der  electrisclien  Untersuchung  und  Behandlung.' 
Wien,  1864. — '  Nervopathologische  Beobachtungen  an  Geisteskranken,'  etc., 
in  Archiu  fur  hJeilkundc,  1867. — '  Electrotherapie.'  Wien,  1868. — 'Ueber 
die  physiol.  und  pathol.  Wirkungen  des  conslanten  Stromes.'  (  Wiener  med. 
Halk,  1861.) 

Clemens,  '  Die  angewandte  Heilelectricitiit,'  in  Deutsche  Klinik,  1860. 
Von  Holsbeok,  Annales  de  P h'lertricite  me'dicale.  Bruxelles,  1860-69. 
KiSTiAKOWSKT,  '  Ueber  die  Wirkung  des  constanten  und  Inductionsstromes 

auf  die  Flimmerbewegung,'  in  Moleschott's  Untersuchungen,  1866. 
Stradelli,  '  Sulla  contrattilita  elettrica  e  volontaria.'   ( Gaz.  mtd.  Lomharda, 

1866.) 

Hermann,  'Weitere  Untersucliungen  zur  Physiologie  der  Muskeln  und 

Nerven.'    Berlin,  1867. 
Meyer,  'Beitrage  zur  Lehre  Yon  der  electrisclien  Nervenreizung.'  Ziiricli,  1867. 
Albt,  '  Die  Eeizung  der  quergestreiften  Muskelfaser  durch  Kettenstrome,'  in 

Archiv  fiir  Anatomif,  1867. 
Sycianke,  '  Ueber  die  Wirkung  des  galvanisclien  Stromes  auf  das  Gebororgan,' 

in  Arch,  fiir  klin.  Med.,  1867. 
Lamarsky,  '  Erregung  motoniscber  Nerven  durch  den  kurzdauernden  Strom,' 

in  Gentralhlatt  der  med.  Wissenschafttn,  1867. 
Erb,  '  Ueber  electrotonische  Erscheinungeu  am  lebenden  Menscben.'  (Archiv 

fur  kliniche  Med.,'  1867.) 
Garnault,  '  Le9ons  elementaires  d'electricite.'   Paris,  1866. 
WiNTREBERT,  '  Dcs  courants  continus  et  de  lem-  action  sur  I'organisme.' 

These  de  Paris,  1866. 
Eanke,  '  Ueber  die  krampfstiUende  Wirkung  des  constanten  Stromes.'  (Zeit- 

schrift  fiir  Piologie,  1866.) 
PoGGiOLi, '  Sur  le  traitement  des  maladies  par  I'electricite  statique.'  (Bulletin- 

de  VAcademie  de  Medenine,  1866.) 
SoHTVAEDi,  'Frammenti  di  clinica  ellettrojatrica.'    (Gaz.  med.  ital.  di  Lom- 

hardia,  1866.) 

Namias,  '  Sui  principi  regolatori  delle  cure  elettriche.'   (Qiorndle  Venuto,  1867.) 

Erd,  '  Galvanotberapeutische  Mittbeilungen.'   (Archiv.  fiir  klin.  Med.,  1867.) 

HisziG,  'Ueber  die  Anwendung  unpolarisu-barer  Electroden  in  der  Electro- 
therapie,' in  Berliner  klin.  Wochenschrift,  1867. 

EuLENBURG,  '  Ueber  die  electronisirenden  Wirkungen  bei  percutaner  An^ven- 
dung  des  constanten  Stromes.'   (Archiv  fiir  klin.  Med.,  1867.) 

SEELiHMTjiiLER,  '  Ueber  Anwendung  der  Electricitiit  bei  Krankheiten.'  (Corrc- 
spondenzhlatt  des  Vereins  der  Aerzte  in  Mersehurg,  1867.) 

Beard  and  Eockwells,  "  The  Medical  Use  of  Electricity,"  in  '  New  York  Med. 
Eeview,'  1867. 

Erdmann,  '  Beitrage  zur  Electrotherapie.'  (Arch,  fiir  Min.  Med.,  1867.) 
Langes,  '  Ueber  Anwendung  der  Inductions-Electricitat  gegen  pai-alytiscbc 

Coutracturen,'  in  Wiener  med.  Wochenschrift,  1867.) 
Alvarenga,  '  Ascitc  con  anasarca,'  etc.  (Gaz.  med.  de  Lisboa,  1867.) 
Onimtjs,  '  De  I'emploi  des  courants  constants.'   (Gaz.  des  Hop.,  1868-69). 
Benedikt,  '  Electrotherapie.'   Wien,  1868. 

B/ERiNKEL,  'Zur  electrotherapeutischeu  Casuistik.'   (Arch,  der  Heilk.,  1868.) 
Jaccoud,  Nouv.  Diet,  de  med.  et  de  chirurgie  pratiques.  Paris,  1870,  t.  xii,  art. 
'  lilectricitd.' 
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On  the  Portable  Constant-Current  Battery  of  M.  Euhmkouff. 

Eiihmkorff  informed  me,  a  little  tardily,  that  he  had  constructed  a 
portable  constant-current  battery,  with  bisulphate  of  mercury,  ox  with 
chloride  of  silver.  He  has  placed  at  my  disposal  a  portable  battery  of 
bisulphate  of  mercury  (carbon,  zinc,  and  solution  of  bisulphate  of  mercury), 
in  order  that  I  might  test  its  merits.  Having  done  so,  I  have  been  able  to 
judge  of  its  value,  and  to  point  out  certain  imperfections,  which  this  skilful 
mechanician  has  applied  himself  to  remove  at  my  request. 

The  portable  battery,  thus  modified,  seems  destined  to  be  of  great  service 
in  the  application  of  continuous  currents;  for  which  reason  I  have  deter- 
mined to  give  a  description  of  it  in  this  note. 

The  battery  (see  tig.  50)  is  enclosed  in  a  box,  A,  A',  A",  containing  forty- 


Fig.  50.— Rubmkorll's  portuble  battery,  modified  after  the  suggestions  of  M.  Duchenuo. 


two  small  elements,  the  glass  cells  of  which  are  placed  in  divisions  at  the 
bottom  of  the  box  B,  by  which  they  are  separated  one  from  another.  These 
divisions  are  arranged  in  six  rows  of  seven.  The  zinc  and  the  carbon 
of  each  element  ,z,  c,  are  tixed  to  a  double  movable  platform,  C,  of  hard 
vulcanite,  placed  above  the  glass  cells  containing  a  solution  of  bisulphate  of 
mercury,  into  which  they  can  be  lowered,  more  or  less,  at  pleasure,  by 
turning  the  milled  head,  which  acts  upon  the  pinions  and  racks,  d,  d',  and 
g,  (/,  which  elevate  or  depress  the  double  platform,  and  consequently  the  zinc 
and  carbon  of  every  element.  When  the  battery  is  not  in  use,  the  platform, 
C,  is  so  lifted  as  to  take  the  elements  entirely  out  of  the  solution. 

The  following  are  the  modifications  that  I  have  requested  M.  Euhmkorflf  to 
introduce  into  a  battery  for  my  private  use. 

1.  In  the  battery  sent  me  for  experiment  the  carbons  were  cylindi'ical,  nine 
centimetres  ia  height,  and  could  be  immersed  for  five  centimetres  with 
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sixteen  millimetres  of  section.  In  the  centre  of  each  carbon  was  a  cylimler 
of  zinc  of  the  same  height,  a  centimetre  and  a  half  in  diameter.  Thi.s 
battery  gave  too  great  a  quantity  of  electricity,  in  direct  proportion  to  its 
extent  of  siu'face. 

Its  electrolytic  action  was  such  that,  with  forty-two  elements  immersed 
scarcely  a  centimetre,  its  rhcophores  produced  vesication  of  the  skin  in  two 
or  three  minutes.  I  therefore  requested  M.  Euhmkorif  to  diminish  the 
smface  by  two-thirds,  and  ho  has  done  so  by  constructing  the  zinc  and 
carbon  as  shown  in  the  figure.  They  measure  nine  centimetres  by  eight 
millimetres,  and  act  only  by  the  surfaces  that  are  mutually  opposed.  I  have 
also  replaced  the  solution  of  bisulphate  of  mercury  by  a  weak  solution  of  the 
I^rotosulphate. 

As  thus  modified,  the  battery  may  be  used  for  all  electro-physiological  or 
therapeutic  applications  of  continuous  currents.  It  has  also  been  rendered 
less  heavy  and  less  costly  by  diminishing  the  bulk  of  the  carbons.  The 
greater  or  less  degi'te  of  immersion  of  the  elements  in  the  solution  is  obtained, 
as  I  have  said,  by  raising  or  lowering  the  double  platform  C.  To  raise  this 
platform,  with  the  elements  that  are  fixed  to  it,  it  may  be  lifted  more  or  less 
by  the  handle,  m,  and  its  descent  is  prevented  by  the  catch,  d!' ,  which  falls 
between  the  teeth  of  the  pinion,  and  wliich  must  be  hfted  in  order  to  lower 
the  platform.  The  teeth  of  the  pinion  are  so  an-aEged  that  each  one 
allows  the  i^latform  to  descend  a  single  millimetre. 

The  mechanism  of  the  system  of  gradual  immersion  or  emergence  of  the 
elements  is  assuredly  simple  and  good,  but  it  leaves  something  to  be  requii-ed 
with  regard  to  the  exact  graduation  of  the  electrolytic  action  of  the  battery. 
The  indicator  does  not  show  precisely  the  degree  of  immersion  of  the  elements, 
except  on  the  condition  that  the  liqiiid  in  the  cells  should  stand  always  at 
the  same  level.  But,  as  the  cells  are  not  closed,  the  height  of  the  liquid  is 
constantly  diminished  by  evaporation.  I  have  therefore  had  a  line  marked 
on  the  walls  of  the  cells,  to  show  the  height  at  which  the  liquid  should  be 
kept,  and  a  large  opening  made  in  the  side  or  front  of  the  box,  and  filled  with 
glass,  thi'ough  which  the  height  of  the  liquid  may  be  seen. 

2.  The  battery  is  divided  into  six  rows,  each  composed  of  seven  elements. 
The  screws  of  the  first  row,  which  fix  the  zinc  aud  carbon  to  the  plat- 
form C,  are  furnished  with  openings  in  which  to  place  the  conductors ;  so 
that  the  current  may  be  increased  or  diminished  by  from  one  to  seven  elements. 

This  graduation  is  particularly  applicable  to  dehcate  physiological  experi- 
ments. The  metallic  stem  y'  (graduator  of  the  tension),  which  M.  Euhmkorif 
has  added  to  the  apparatus  at  my  desii'e,  is  so  constructed  as  to  gi-aduate  the 
tension  of  the  currents,  without  producing  intermissions.  When  it  is  pushed 
in  the  tension  of  the  battery  is  at  its  maximum,  and  as  it  is  withdi'awn  the 
number  of  elements  is  diminished  by  sevens,  as  shown  by  the  divisions 
marked  upon  the  stem,  without  its  beiag  necessary  to  change  the  conductors 
fixed  to  the  knobs  n  and  j). 

When  the  battery  is  exhausted,  the  platform  C  is  entii-ely  removed  fi'om  the 
box  by  the  handle  m,  and  the  cells  are  refilled  with  fresh  solution.  For  that 
pui'pose,  water  is  poiu-ed  into  them  to  the  level  of  the  horizontal  line  already 
mentioned,  and  a  single  gramme  of  protosulphate  of  merciu-y  is  added  to  each, 
by  means  of  a  little  measure  which  is  attached  to  the  apparatus.  This  mani- 
pulation is  easy,  and  can  always  be  exactly  done  by  the  means  indicated  above. 

One  of  tlae  principal  advantages  of  this  battery  is  the  facility  of  gra- 
duating the  degree  of  immersion  of  the  elements;  or,  in  other  words,  of 
measuring  the  electrolytic  action  while  preserving  the  force  of  the  tension. 
The  possibility  of  obtaining  from  it  a  weaker  or  more  powerful  electrolytic 
action  has  the  great  advantage  of  rendering  it  equally  a])plicable  to  cases  for 
which  the  use  of  the  continuous  current  by  reflex  action  is  required,  and  to 
those  in  which  the  surgeon  wishes  for  electrolytic  effects. 

In  M.  Euhmkorff's  chloride  of  silver  battery  the  carbons  are  replaced  by  , 
cylindrical  stems  of  chloride  of  silver. 
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'Several  questions  in  regard  to  the  therapeutic  and  diagnostic  uses  of  the 
galvanic  current  have  enlisted  the  attention  of  medical  men  in  England,  to 
■which  Dr.  Duchenne  has  only  incidentally  referred  in  the  preceding 
chapter.  Some  of  these  questions  were  originated  by  Eemak ;  others  refer 
to  the  effects  of  interrupted  currents  of  low  tension  in  .certain  forms  of 
paralysis.  These  questions  have  been  so  ably  discussed  by  Ziemssen  -  in  an 
examination  of  the  therapeutic  \iscs  of  galvanic  cui-rcnts,  that  I  have  not 
hesitated,  as  the  most  instructive  mode  of  dealing  with  the  subject,  to 
append  a  condensed  translation  of  so  much  of  his  observations  as  may  serve 
for  their  elucidation.— ZT.  T. 

ZIE5ISSEN  ON  CERTAIN  QUESTIONS  WITH  REGARD  TO  THE 
VALUE  OF  GALVANIC  CURRENTS  IN  MEDICINE. 

With  regard  to  the  effects  of  the  continuous  current  upon  diseased 
muscles  and  nerves,  and  of  certain  indications  for  its  use  in  therapeutics,  it 
will  be  necessary  first  clearly  to  describe  the  facts  that  have  been  ascertained 
by  competent  observers ;  and,  secondly,  to  point  out  the  questions  on  which 
fm'ther  investigations  are  required.  Manifestly  for  this  pur]]ose  we  must  set 
forth  from  the  fundamental  doctrines  laid  down  by  Eemak  from  his  own 
observations  and  experience. 

Remak  classiiies  the  most  conspicuous  cui'ative  effects  of  the  continuous 
cm-rent  under  the  thi'ee  following  heads : — 

I. — Catalytic  actiom. 

Eemak  calls  those  effects  catalytic,  or  antiphlogistic,  which  are  produced 
by  the  continuous  current  upon  inflammatory  conditions  and  theii-  conse- 
quences. He  gives  an  analysis  of  this  action,  and  calls  it  catalytic  because 
"  the  action  of  the  current  where  if  meets  with  an  abnormal  state  of  the 
tissues,  produced  either  by  failure  of  the  blood  circulation  or  by  morbid 
effusion,  is  not  limited  to  an  electrolysis  in  the  narrow  sense,  that  is,  to  a 
change  in  the  tissues  analogous  to  a  watery  solution,  but  performs  an 
important  part,  by  dilatation  of  the  blood  vessels,  in  promoting  cii-culation 
and  absorption." 

The  continuous  current,  according  to  Eemak,  exerts  this  "  catalytic  "  action 
in  the  following  states  : — 

1.  In  inflammatory  conditions. 

2.  In  effusions  left  behind  by  any  of  the  foregoing  inflammatory  condi- 
tions; e.  g.  in  watery  effusion  into  a  joint. 

3.  In  painful  and  inflammatory  swellings. 

As  regards  the  manner  of  proceeding,  Eemak  insists  that  it  is  necessary 
to  proceed  from  the  assumption  that  a  passage  of  fluids  occui's  from  the  posi- 
tive to  the  negative  pole ;  and  hence,  to  p)Iace  the  negative  electrode  in  union 
with  the  inflamed  spot,  and  the  positive  as  near  to  it  as  possible.  This  dii'ec- 
tion  of  the  current  should,  however,  be  reversed,  when  there  is  evidence  of 
watery  exudation  together  with  the  inflammation.  Since  also  the  i^ositive 
pole  diminishes  and  the  negative  increases  the  excitability  of  the  nerves,  the 
operator  must  take  heed  to  the  character  of  the  inflammation,  and  in  erethis- 
mal  conditions  must  place  the  positive  pole,  in  torpid  conditions  the  negative 
pole,  exclusively  or  alternately  in  union  with  the  inflamed  parts.  The 
strength  of  the  cm-rent  must  be  moderate  (about  twenty  elements),  but  the 
time  of  application  considerable  (at  least  several  minutes).  The  benumbing 
of  sensibihty  in  the  nerves  affected  by  the  current  may  servo  as  fi  limit  for  tho 
length  of  application. 


*  Ziomsaon,  Die  Electricitdt  in  der  Medicin, 
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Tlio  experience  of  tliose  oliservcrs  wlio  have  tested  Eemak's  assei-tions,  has 
been  ^enei-ally  very  favourable  to  the  catalytic  action  of  the  electric  current; 
especially  in  chronic  glandular  swellinps  and  firm  exudations  into  and  around 
joints.  The  observations  hitherto  irablished  do  not  afford  materials  for  judp:iug 
M'hether  a  solvent  or  absorption-producing  nction  is  exerted  in  a  higlier 
degree,  as  Eemak  believes,  by  the  continuous  than  by  the  induced  current. 

II. — AntispasUc  actions. 

These  depend  partly  upon  this,  "  that  the  current  increases  the  power  of 
the  will  over  the  muscles  that  are  seized  with  spasm  or  tremor,  or  by  its  cata- 
lytic action  removes  the  irritation  by  which  spasm  had  been  excited,"  and 
partly  that  'an  increased  excitability  of  nerves  or  muscles,  wliich  appears  to 
be  a  cause  of  local  spasms,  is  diminished  by  a  proper  api^lication  of  the 
current." 

These  antispastic  actions,  which  Eemak  professes  to  have  observed,  have 
justly  excited  among  practitioners  gTeat  doubts  of  the  accuracy  of  his  observa- 
tions ;  and  are  wholly  unconfirmed  by  others. 

In  the  discom'ses,  delivered  in  Paris  by  Eemak  in  1864,  the  antispastic 
actions  are  not  generally  mentioned ;  but  he  speaks  of  "  tranquiHzing  "  actions 
in  contractures  and  bypertesthesias.  The  latter,  whether  of  inflammatory  or 
simply  of  neui-algic  origin,  yield,  according  to  Eemak,  to  the  weak  and  pain- 
less currents  of  15—25  elements,  in  stabile  application;  that  is,  with  immov- 
ably held  electrodes,  so  that  the  magnetic  needle  of  the  galvanoscope,  the 
deviation  of  which  need  not  exceed  20°,  may  remain  stationary.  The  positive 
electrode,  in  the  form  of  a  large  plate,  should  be  laid  on  the  i^ainful  part ;  the 
negative  applied  to  any  distant  point  of  the  surface.  After  the  current  has 
been  passing  for  from  ten  to  fifteen  minutes,  the  pain  should  be  considerably 
diminished.  The  trauquilizing  action  should  also  be  displayed  by  placing  the 
positive  electrode  upon  the  nerve-trunk,  the  branches  of  which  ai'e  distri- 
buted to  the  painful  part,  as  far  from  this  part  as  possible ;  while  the  negative 
is  placed  on  any  distant  poiat,  and  contact  with  the  seat  of  pain  is  wholly 
avoided. 

For  the  treatment  of  contractures,  Eemak  found  that  intermissions  of 
the  continuous  current  were  more  elEcacious  than  the  'stabile' action,  and 
he  is  generally  disposed  to  ascribe  to  iatermissions  a  favourable  operation. 

m. — Anti-paralytic  actions. 

These  were  observed  by  Eemak  under  the  following  conditions : — 

1.  In  secondary  pareses  and  atrophies  with  or  without  conti-action,  remain- 
ing after  articular  and  muscular  rheumatism,  or  after  false  anchylosis. 

2.  In  the  first  stages  of  primary  muscular  atrophy,  even  when  pro- 
gressive. 

3.  In  traumatic  paralysis,  produced  by  contusion  or  sti-etching  of  nerves 
and  muscles. 

4.  In  hemiplegia,  within  the  limits  determined  by  the  nature  of  the 
central  lesion. 

5.  In  paraplegia,  and  in  certain  forms  of  the  so  -  called  tabes  dorsalis ; 
according  to  the  extent  of  the  atrophy  of  the  cord. 

6.  In  ausesthesia  either  as  an  independent  disease  or  as  a  comphcation 
of  motor  paralysis. 

Subsequently,  Eemak  has  designated  the  antiparalytic  influence  of  the  cur- 
rent as  an  "  exciting  "  and  "  revivifying  "  action.  To  obtaiu  this  he  employs 
both  the  "  stabile"  current  (cipplication  du  courant  en  j-ejios) ;  and  the  so-called 
"labile"  {ap2-)liadion  du  courant  in  mouvement).  The  latter  he  obtains  by 
gliding  the  electrodes  to  and  fro  over  the  skin.  It  is  manifest  that,  in  these 
movements  of  the  electrodes,  the  tension  of  the  current  cannot  remain 
imchauged,  but  must  undergo  oscillations,  dependent  upon  the  variations  of 
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resistance  as  the  electrodes  move  their  places  on  the  surface.  Eeraalc  assigns 
it  as  a  difference  between  liis  '  labile '  galvanic  and  the  common  induced 
currents  that,  in  the  latter,  the  fall  of  the  current  is  from  its  maximum  to 
nil ;  but  that,  in  the  '  labile,'  although  the  current  certainly  falls  from  its 
height,  it  stiU  remains  always  considerably  more  than  nil.  This  distinction  is 
illusory.  In  the  'labile'  application  we  can  no  longer  speak  of  constant 
currents ;  but  only  of  continuous  ci;rrents  of  irregularly  oscillating  strength. 
After  Eosenthal,  Oppenheimer,  Sinsteden,  and  others,  had  confirmed  my 
opinion  upon  tliis  point,  llemak  confessed  himself  to  have  been  in  error. 

Disregarding  only  these  obscurities  about  the  methods  of  galvanizing, 
Eemak's  doctrines,  with  regard  to  the  antiparalytic  curative  effects,  contain 
yet  many  other  points  that  justify  considerable  hesitation.  This  especially 
applies  to  the  centripetal  action  of  the  cm-rents,  which  Eemak  considers  to 
be  partly  due  to  a  direct  action  on  the  brain  and  spinal  cord,  and  to.  be 
best  exphcable  by  an  action  on  the  vaso-motor  nerves  ;  partly  to  reflex  action. 

With  regard  to  the  first,  Eemak  deals  entirely  in  hypotheses  of  the  boldest 
kind.  He  not  only  believes  in  producing  a  regulation  of  the  circulation  in 
the  brain  by  galvanizing  the  plexuses  or  ganglia  of  the  sympathetic  (pre- 
ferably the  superior  cervical  gangha) ;  but  also  in  diminishing,  by  the  same 
procedure,  the  irritation  of  the  cerebral  substance  around  an  apoplectic  clot, 
and  in  hastening  the  absorption  of  the  blood,  so  as  to  prevent  the  occui-rence 
of  contractions  in  the  paralysed  half  of  the  body ;  and  this  the  more  easily 
and  certainly,  the  more  recent  the  paralysis.  Eemak's  method,  in  such  cases, 
consists  in  the  '  labile '  application  of  the  electrodes  over  the  cervical  ganglia 
of  the  sympathetic,  with  the  current  of  fi'om  20  to  30  elements. 

Eemak  also  believes  that  he  has  obtained  a  curative  action  upon  the  spinal 
cord,  by  the  labile  application  of  a  current  from  20  to  30  elements  in  the 
neighboui-hood  of  the  solar  plexus,  and  of  the  lumbar  plexuses  of  the  sympa- 
thetic, in  cases  of  ascending  spinal  paralysis,  motor  ataxy,  hysterical  para- 
plegia, and  other  disorders  of  motion  due-to  changes  in  the  spinal  cord. 

Even  in  the  most  superficial  view,  it  excites  suspicion  to  hear  such  pro- 
found anatomical  lesions  described  as  being  generally  curable;  especially 
when  no  clinical  evidence  is  forthcoming.  It  must,  moreover,  appear  highly 
improbable,  a  priori,  that  it  is  generally  possible,  by  the  method  described,  to 
produce  excitation  of  the  sympathetic  ganglia  and  plexuses.  The  tension 
of  an  electric  current  entering  the  body,  as  soon  as  it  has  passed  tkrough 
the  sldn,  undergoes  such  rapid  diminution,  that  muscles  or  nerves,  separated 
fi-om  the  surface  by  a  moderately  thick  layer  of  well  conducting  tissues  (e.  g., 
of  muscle),  are  no  longer  acted  upon,  unless  extremely  powerful  currents 
are  employed.  How  much  less  is  it  to  be  expected  that  the  comparatively 
feeble  current  of  a  battery  of  twenty  or  thii-ty  elements,  in  labile  applica- 
tion, can  be  made  to  reach  the  superior  cervical  ganglion,  or  still  more  the 
cceliac  plexus,  with  the  tension  necessary  to  produce  any  excitation. 

But,  even  assuming  it  to  be  proved,  that  a  direct  action  of  the  current 
upon  these  nervous  organs  is  possible,  there  still  remains  the  larger  ques- 
tion, whether  excitation  of  the  plexuses  and  ganglia  of  the  sympathetic  does 
actually  have,  or  could  have,  the  action  upon  the  central  organs  that  Eemak 
professes  to  have  observed.  Of  the  functions  of  the  ganglia,  we  know  what 
amounts  to  nothing;  and  of  the  cervical  sympathetic  we  know  that  its 
division,  in  animals,  or  its  paralysis  from  other  causes,  is  followed  by  a  dilata- 
tion of  vessels  and  increase  of  temperature  in  the  corresponding  half  of  the 
face,  and  especially  in  the  ear.  Its  irritation,  on  the  contrary,  ])roduces 
contraction  of  the  vessels,  diminution  of  the  quantity  of  the  blood  and  of 
temperature  in  the  same  soft  parts.  If,  therefore,  Eemak  obtains  by  gal- 
vanism a  dilatation  of  the  intra-ccphalic  and  intra-s|iinal  bloodvessels,  as  ho 
in  various  places  declares,  this  action  must  be  considered  evidence  of  a 
paralysing,  not  of  an  exciting,  influence  of  the  current.*   Such  a  paralysing. 


fUpon  this  |ioirit,  compare  Duchennc  upon  the  active  clilatiitiou  of  vessels, 
p.  161,  et  seq.—H.  T.j 
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or,  more  correctly,  conduction  checking  or  delaying  influence,  lias  been  now 
shown  by  physiological  experiment  to  attach  to  the  positive  pole.  This  is 
the  state  of  anehctrotonus.  But  in  mankind  only  vain  endeavours  to  pro- 
duce the  anelcctrotonic  condition  have  been  made;  and  especially  the 
experiments  of  Fick  and  myself  in  this  direction  have  furnished  wholly 
negative  results. 

We  see  into  what  a  chaos  of  hypotheses  the  dogmas  of  Eemak  conduct  us. 

Not  less  insecure  is  the  ground  of  his  statements  upon  the  fjalvanotonic 
reflex  contractions.  These  occur,  according  to  him,  through  the  intermedia- 
tion of  the  central  organ;  and  dm-ing  peripheral  excitation  of  a  cerebro- 
spinal or  sympathetic  nerve.  In  excitation  of  a  motor  nerve  they  do  not 
occur  in  its  own  muscles,  but  either  in  their  antagonists  (e.  g.,  in  the 
extensors  of  the  forearm  when  the  median  nerve  is  excited),  galvanotonic 
antagonistic  contraction;  or  in  corresponding  muscles  of  the  opposite  side 
of  the  body,  crossed  galvanotonic  contraction ;  or,  lastly,  tlirough  irritation  of 
two  points,  on  the  opposite  side  of  the  body,  remote  from  the  muscles  to  be 
excited  {dvphgic  reflex  contraction).  As  the  most  important  point  at  which 
to  undertake  this  irritation  with  the  positive  pole,  Eemak  mentions  the 
auriculo-mastoid  fossa,  between  the  ascending  ramus  of  the  lower  jaw,  the 
auricle,  and  the  mastoid  process,  at  the  height  of  the  .superior  cervical 
ganglion.  In  a  case,  for  example,  of  progressive  atrophy  of  the  muscles  of 
both  upper  extremities,  Eemak  places  a  positive  electi-ode,  furni.shed  with 
a  Imob  at  its  extremity,  on  the  sj^ot  above  specified,  on  the  right  side, 
and  completes  the  cii-crut  by  a  negative  electrode  with  a  larger  surface  of 
contact,  placed  on  the  left  margin  of  the  sixth  dorsal  vertebra.  Then,  the 
electrodes  remaining  stationary,  with  a  current  from  thii'ty  to  thirty-six  of 
Siemens'  elements,  a  contraction  will  occur  in  the  paralysed  muscles  of  the 
hand  on  the  left  side ;  or  of  the  same  muscles  on  the  right  side,  when  the 
positive  electrode  is  placed  in  the  left  mastoid  fossa,  the  negative  remain- 
ing as  before.  The  latter,  however,  without  diminution  of  the  contraction 
in  the  hand,  can  be  moved  down  to  the  lumbar  region;  but  the  contrac- 
tion ceases  as  soon  as  the  negative  electrode  is  moved  above  the  fifth  dorsal 
vertebra,  or  above  a  horizontal  line  passing  through  it.* 

It  would  lead  us  too  far,  to  go  more  exactly  into  the  details  of  this  wholly 
unintelligible  reflex  contraction  of  Eemak's.  He  himself  admits  that  no  ex- 
jilanation  of  it  can  be  given  in  the  present  state  of  our  Imowledge ;  since  lie 
says  that  the  facts  stand  opposed  to  the  formulse  of  physics  and  of  physiology, 
according  to  which  the  efiFects  are  more  energetic  the  nearer  the  electrodes 
to  the  parts  influenced ;  while  here  the  contraction  ceases  as  soon  as  both 
electrodes  are  above  the  level  of  the  fifth  dorsal  vertebra.  Eemak  suspects 
that  he  produces  simultaneous  excitation  of  two  distant  sympathetic  ganglia, 
and  that  the  excitation  is  conveyed  fi'om  these  to  the  spinal  cord,  and  thence 
to  the  motor  fibres  of  the  same  or  of  the  opposite  side. 

Eemak  describes  the  therapeutic  effect  of  this  diplegic  central  excitation 
as  very  considerable.  The  atrophied  muscles,  which  no  longer  display  any 
reaction  to  the  direct  influence  of  the  constant  cui-rent,  not  only  contract, 
but  swell  out,  and  recover  their  lost  strength. 

Eemak  found,  moreover,  such  diplegic  contractions  in  the  muscles  of  the 
hands  in  some  cases  of  arthritis  nodosa,  in  its  early  febrile  stage.  In  these 
cases  the  diplegic  application  produced  a  diminution  of  the  pain  and  the 
articular  swelling,  increase  in  the  circumference  of  the  muscles,  diminished 
quickness  of  the  ]Dulse,  and  decrease  of  temjierature.  Moreover  the  produc- 
tion of  contractions  was  not  always  necessary.  Without  them,  a  gentle, 
continued  action  w^as  curative,  when  there  were  no  profound  lesions  of  the 
spinal  cord,  or  of  the  sympathetic  ganglia.   The  internal  administration  of 


*■  [As  yet  after  the  most  careful  obser-  \  called,  has  never  been  observed  in  the 
vation,  and  equally  careful  and  very  jiractice  and  exiierimontal  re-^rarchcs  at 
necessary  cndoavom-  to  exclude  sources  the  National  Ho-spit:!!  for  the  raralyscd 
of  error,    diplegic  reflex  contraction,"  so-   and  Epileptic— If.  T.] 
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strychnia  rendered  the  diplegia  contractions  more  perceptible,  where  they 
were  at  first  wanting. 

It  should  not  bo  sn]3posed  that  Eemak  has  not  actually  witnessed  these 
phenomena.  In  hysterical  people— and  of  such  he  treated  great  numbers- 
far  more  wonderful  things  occur.  It  may  be  remarked,  however,  that  tho 
observations  are  at  present  wholly  without  corroboration  from  trustworthy 
persons. 

The  more  dissatisfied  we  leave  this  region  of  obscure  observations,  insuffi- 
ciently founded  diagnosis,  and  hypothetical  explanations  of  doubtful  curative 
actions,  the  more  contented  shall  we  be  to  return  to  the  basis  of  facts,  which, 
gained  by  means  of  sober  inquiry,  are  already  recognized  as  valuable  scientific 
property. 

These  observations  refer  to  the  changes  produced  by  the  electric  current 
in  the  irritability  of  paralysed  nerves  and  muscles  with  regard  both  to 
volition  and  to  the  electric  stimulus. 

Between  1840-50,  it  was  established  by  Duchenne,  that  induced  currents 
usually  quickly  improved  the  excitability  of  enfeebled  or  completely  paralysed 
muscles,  when  theii-  electric  contractility  is  retained  or  only  slightly  enfeebled. 

At  the  same  time  he  concluded  that  complete  loss  of  electro-muscular 
contractility  was  a  most  unfavoiu'able  symptom  with  regard  to  paralysis  in 
general ;  indicating  long  duration  of  the  condition,  and  great  resistance  to 
the  action  of  remedies.  In  traumatic  paralysis  of  mixed  nerves,  in  which 
total  loss  of  electro-muscular  contractility  was  present,  Duchenne  declared 
the  application  of  induced  currents  to  be  useless  during  the  first  six  to  ten 
months,  since  the  nerve  injury  was  not  yet  repaired.  Afterwards  benefit 
might  be  expected  from  faradization. 

Duchenne  subsequently  observed  the  remarkable  phenomenon  that  the 
increase  of  excitabihty  of  motor  nerves  or  muscles,  produced  by  the  induced 
current,  was  often  only  disi)layed  in  response  to  the  stimulus  of  the  will ;  so 
that  therefore  the  motility  returned  wHile  the  absence  of  excitability  by 
induced  currents  continued.  In  lead-palsy,  traumatic  paralysis,  and  paralysis 
of  the  facial  nerve,  Duchenne  foimd  that  muscles  might  contract  faultlessly 
in  response  to  the  will,  and  perform  designed  movements,  while  they  were 
perfectly  insensitive  to  tlie  excitation  of  induced  currents. 

These  facts  have  since  been  frequently  observed.  "We  may  now  consider 
it  established : — 1.  That  paralyses,  uifecting  the  same  nerves  or  muscles,  and 
proceeding  from  similar  lesions,  may  display  either  a  normal  degree,  a  diminu- 
tion, or  a  complete  loss  of  faradic  contractility. 

2.  That  the  increase  of  excitability  by  the  will,  produced  by  the  a]iplication 
of  faradic  currents,  occurs  quickly  or  immediately  in  the  two  first  cases; 
slowly,  or  not  at  all,  in  the  third. 

8.  That  the  excitability  of  the  paralysed  nerves  and  muscles  by  the  will, 
under  the  application  of  induced  cui-rents,  completely  retui'iis,  in  many  cases ; 
wliile  the  excitability  by  the  induced  current  is  still  absent,  and  returns  only 
subsequently  to  the  former. 

Recent  years  have  much  enriched  oiu-  knowledge  upon  this  subject,  by 
many  interesting  and  practically  important  facts,  gained  by  Ecmak's  applica- 
tion of  battery  currents  in  paralysis. 

Remak,  in  the  course  of  his  experiments,  came  first  to  the  conclusion  that 
constant  "labile"  currents  increased  the  irritability  of  motor  and  sensitive 
nerves  both  against  the  same  currents  and  the  induced,  while  at  the  same 
time  the  mechanical  power  of  action  was  increased ;  but  tliat  induced  currents 
which  certainly  somewhat  increased  tho  irritability,  diminished  the  power  of 
muscular  action. 

These  experiments  were  performed  by  Eemak  preferentially  upon  diseased 
but  also  upon  healthy  muscles  and  nerves.  Unfortunately  his  accounts  of  tho 
results  are  inexact  and  confusing,  by  the  strange  style  of  descrijjtion.  I  there- 
fore only  extract  what  is  for  the  present  question  important;  that,  according 
to  Remak,  "  tlie  irritability  of  muscles  and  nerves  for  induced  currents,  and 
for  the  entrance  and  exit  of  constant  currents,  remains,  as  a  rule,  uniform,  so 
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far  as  it  can  bo  judged  of ;  but  that,  in  some  healthy  persons,  and  certainly 
more  clearly  in  some  paralysed  limbs,  tlie  irritability  for  one  or  the  otlier  kind 
of  current  unequivocally  preponderates." 

This  difference  between  the  actions  of  induced  and  continuous  currents, 
very  generally  stated  by  Eemak,  has  since  become  the  subject  of  numerous 
and  searching  inquiries. 

The  great  and  general  result  of  these  inquiries  is  the  following.  Jn  com- 
pletely paralysed  muscles  and  nerves  the  excitability  for  lattery  currents  is  sorae- 
times  letained  or  even  increased,  while  the  excitability  for  induced  currents  is 
completely  lost.  In  such  cases  tlie  curative  action  of  the  continuous  current  is 
sujjerior  to  that  of  the  indwed.  With  the  return  of  motility  the  excitability  for 
both  /rinds  of  current  commonly  chanf/es. 

The  first  observation  bearing  upon  these  points  was  published  by  Baier- 
lacher,  in  the  beginning  of  the  year-  1859.  To  him,  therefore,  undoubtedly 
belongs  the  merit  of  having  been  the  first  to  notice  this  interesting  and 
important  fact.    I  give  a  brief  abstract  of  the  case. 

M.  B.,  aged  28,  workwoman  in  a  factory,  came  under  treatment  for  paralysis  of 
one  side  of  the  face  of  eight  weeks'  duration.  Induced  currents  of  great  st;ength 
produced  only  the  very  smallest  action.  After  three  weel;s'  use  of  the  induced 
currents  there  was  no  change.  A  galvanic  current  from  fifteen  elements  was  then 
applied,  and  produced  strong  contractions  in  all  the  muscles.  After  only  three 
applications  of  the  continuous  current  to  the  nerve-trunk  and  muscles  considerable 
improvement  was  manifest,  and  after  four  more  applications  the  paralysis  had  almost 
entirely  disappeared. 

There  next  appeared  communications  fi'om  Schulz,  upon  several  cases  of 
facial  paralysis,  in  which  induced  currents  produced  no  action  on  the  para- 
lysed side.  ISchulz  obtained,  by  testing  with  the  continuous  current,  the 
following  results.  On  the  paralysed  sides  a  current  from  eight  Daniell's 
elements  produced  in  all  the  muscles  a  manifest  contraction  at  opening  and 
closing,  whether  the  direction  of  the  current  were  ascending  or  descending, 
and  although  the  same  current  on  the  sound  side  produced  no  contraction. 
By  increasing  the  number  of  elements  up  to  twenty,  contractions  on  the  sound 
side  were  produced  at  opening  and  closing;  but  these  contractions  were  much 
exceeded  by  those  of  the  paralysed  side. 

This  condition  changed  dui'ing  the  course  of  treatment.  The  increased 
excitabihty  of  the  paralysed  muscles  to  the  continuous  cuii-ent  gradually 
decreased,  became  more  feeble  from  sitting  to  sitting,  and  at  last  disappeared 
entirely,  as  upon  the  healthy  side,  unless  when  the  number  of  elements  was 
gradually  increased.  This  diminution  of  the  excitability  for  the  continuous 
current  is,  according  to  Schulz,  a  result  of  treatment  and  a  sign  of  improve- 
ment ;  since  the  restoration  of  the  excitability  by  the  will  proceeds  with  it 
paripassd.  The  earlier  or  later  occurrence  of  this  combination  of  symptoms 
affords  the  most  sui'e  basis  for  a  judgment  with  regard  to  the  duration  of  the 
paralysis.  The  sooner  the  excitability  by  the  continuous  current  diminishes 
the  shorter  will  be  the  general  duration  of  the  paralysis,  and  vice  versa.  With 
the  disappearance  of  the  paralysis  the  excitability  by  induced  currents 
returns,  and  becomes  the  same  as  that  of  the  muscles  on  the  healthy  side. 

To  these  observations  by  Schulz  may  be  appended  one  by  M.  Llej'er. 

The  case  M'as  that  of  a  woman  forty-eight  years  old,  with  paralysis  of  the 
left  side  of  the  face,  of  fourteen  days"  duration.  There  was  no  trace  of  reaction 
to  the  induced  current,  but  a  strong  contraction  of  the  paralysed  muscles  was 
produced  by  closing  the  circuit  of  a  battery  composed  of  six  of  Bunseu's  cells. 
Under  the  treatment  by  the  continuous  current,  improvement  occuiTcd  slowly 
but  still  manifestly  from  sitting  to  sitting. 

This  case  (reported  at  great  length  by  Zicmssen)  acquired  much  interest, 
from  the  long  time  that  it  was  under  observation.  While  the  branches  of  the 
left  facial  nerve,  and  the  muscles  supjilied  by  them,  had  completely  lost,  thi^^e 
weeks  after  the  commencement  of  the  paralysis,  their  excitability  either  by 
volition  or  by  induced  currents,  their  excitability  by  continuous  ciurents  was 
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not  only  retained,  but  by  compaa-ison  vnth  the  sound  side  oven  heightened. 
From  the  tenth  week  tlie  excitability  by  tlio  continuous  current,  in  almost  the 
whole  territory  of  the  facial  nerve,  markedly  diminished,  while  the  distortion 
of  the  countenance  improved.  In  the  twelfth  week  the  reaction  to  battery 
currents  wholly  ceased,  and  in  the  fourteenth  week  not  only  was  the  normal 
liosition  of  the  face  quite  restored,  but  llic  mastery  of  the  will  over  the  para- 
lysed muscles  was  regained.  At  the  discharge  of  the  patient  in  the  seven- 
teenth week  the  facial  movements  on  the  left  side  were  almost  faultless, 
while  the  excitability  for  either  induced  or  continuous  currents  was  wholly 
wanting. 

Two  years  later,  with  completely  normal  motility,  the  excitability  for 
electric  currents  was  restored,  and  for  both  currents  in  the  same  proportion. 
But  the  excitabihty  displayed  on  the  right  (sound  side),  and  the  sensibility  of 
the  left,  were  both  far  below  the  normal. 

To  this  case  Ziemssen  has  added  another,  also  affecting  the  facial  nerve, 
(which  he  also  reports  at  length),  and  which  was  in  many  respects  clearer  and 
more  transparent  than  the  first,  and  is  of  especial  importance  with  regard  to 
the  significance  of  many  of  the  phenomena  in  question.  It  was  a  purely 
traumatic  facial  paralysis,  produced  by  a  surgical  operation,  in  which  division 
of  the  facial  nerve,  immediately  after  its  exit  from  the  canal  of  Eallopius, 
could  not  be  avoided. 

The  details  of  this  observation  were  unmistakeable  and  convincing.  The 
trunk  of  the  facial  nerve  was  certainly  completely  divided.  At  the  end  of  the 
thii'd  week  after  the  division,  the  excitability  of  the  motor  nerves  by  the  will, 
by  the  induced  current  and  by  the  galvanic  cm-rent,  was  lost,  and  was  only 
retained  in  a  small  degree  in  one  branch  for  the  galvanic  current.  The 
paralysed  muscles,  on  the  contrary,  had  preserved  their  irritability  to  the 
continuous  current,  and  responded  to  direct  galvanizing  by  a  slow  contraction 
which,  with  a  sti-onger  ciu-rent,  passed  into  tetanus.  The  entrance  con- 
traction at  closure  of  the  circuit  was  lost,  and  the  slow  and  continuing 
contraction,  that  Wmidt  and  Fick  had  determined  experimentally  to  be  due 
to  the  muscular  tissue  ivithout  the  agency  of  verve,  was  retained. 

M.  Meyer  found  that  those  cases  of  facial  paralysis  in  which  the  reaction  to 
the  interrupted  current,  although  diminished,  was  not  wholly  lost,  showed  the 
same  diminution  of  reaction  to  the  constant  current  also ;  and  that  such 
cases  admitted  of  a  favourable  prognosis,  inasmuch  as  they  usually  ended  in 
recovery  within  a  few  weeks.  Cases,  on  the  coutrotry,  in  which,  eight  days 
after  their  commencement,  no  reaction  was  produced  by  the  intermitting 
current,  but  in  wliich  a  weaker  battery  ciu-rent  produced  active  contractions, 
were  of  far  less  favourable  prognosis,  in  so  far  as  their  recovery  was  delayed 
for  months,  or  remained  always  imperfect. 

Meyer  supposed  the  seat  of  the  cause  of  the  paralysis  in  the  latter  cases  to 
be  ia  the  trunk  of  the  facial  nerve,  within  the  petrous  bone,  and  held  that  the 
muscular  contractions  produced  by  feeble  battery  currents  were  reflex,  with 
the  geniculate  ganghon  for  their  centre.  Meyer  sought  the  basis  for  this 
hypothesis  in  the  spasmodic  character  of  the  contractions  as  opposed  to  their 
slower  character  on  the  healthy  side,  m  the  disproportionate  measm-e  of  the 
contraction,  and  lastly  in  the  fact  that  it  is  necessary  gradually  to  add  more 
elements  in  order  to  obtain  a  contraction,  which  allows  of  the  conclusion  that 
the  track  is  free. 

In  respect  of  curative  action,  Meyer  recommends  the  current  which  pro- 
duces contractions  with  the  least  intensity  as  the  best :  that  is,  in  the  sligliter 
cases,  the  interrupted;  in  the  more  severe,  the  constant.  Meyer  saw  con- 
tractions cured,  not  only  by  the  application  of  the  induced,  but  also  by  the 
use  of  the  constant  currents;  but  they  were  generally  removed  surprisingly 
quickly  by  the  latter,  even  after  they  had  existed  for  years. 

Ziemssen  next  reports  an  important  case  of  facial  paralysis  reported  by 
Neumann,  and  differing  in  many  points  from  the  foregoing. 

Hcrr  II  ,  GO  yoai-H  old,  contractod  a  pavalysis  of  the  loft  side  of  the  face  from 

exposure  to  cold,  at  tlic  end  of  September,  18(i3.    It  was  at  first  attended  by  acute 
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neuralgia,  afterwards  by  diininihihcd  Hcnsitiveness  to  tlic  electric  excitation.  The 
paralysis  of  luotion  was  complete,  tlio  sense  of  taste  was  lost  on  the  aflectcd  side  of 
the  tongue,  and  tlie  condition  of  tlie  soft  palate  was  normal.  From  tlie  end  of 
October  to  the  '1th  of  December  the  induced  current  was  applied  daily  for  half  an 
hour  without  result.  Neumann  then  had  recourse  to  the  continuous  current,  which 
by  the  24th  of  January  lind  produced  considerable  improvement.  The  induced 
current  at  first  produced  no  reaction,  in  ■whatever  strength  it  was  applied  or  wherever 
the  electrodes  were  placed.  With  the  beginning  of  the  return  of  volitional  control 
over  the  muscles  there  appeared  also  a  trace  of  reaction  to  faradism.  1'his  appeared 
only  on  dii'ect  muscular  excitation,  and  was  much  less  on  the  diseased  tlian  on  the 
healthy  side.  The  continuous  current,  on  the  contrary,  produced  stronger  contractions 
on  the  diseased  side  than  on  the  healthy.  By  the  application  only  of  from  six  to 
eight  of  Siemens'  elements  contraction  was  produced  on  the  former,  but  not  with  less 
than  from  ten  to  twelve  elements  on  the  latter.  On  the  healthy  side,  with  from 
foiu'teen  to  sixteen  elements,  reaction  could  be  produced  either  by  intra-muscular  or 
extra-muscular  excitation,  while  on  the  diseased  side  it  was  only  produced  by  the 
direct  method. 

In  this  case  Neumann  instituted  experiments  calculated  to  afford  a  physical 
explanation  of  the^  difference  of  action  of  the  two  currents.  He  finds  the 
physical  peculiarities  of  the  induced  currents,  as  compared  with  continuous 
currents,  to  be  in  the  ra]pid  succession  of  currents  separated  by  intervals,  in 
their  alternating  direction,  and  in  their  momentary  individual  diu-ation.  A 
foui'th  possibility,  that  the  strength  of  the  single  induced  currents  may  be 
somewhat  less  than  the  strength  of  the  continuous  battery  cun-ent,  and  that 
this  may  explain  the  inefficacy  of  the  former,  may  at  once  be  set  aside  by  the 
foregoing ;  since  a  current  from  six  of  Siemens'  elements,  when  the  human 
body  is  included  within  its  cii'cuit,  produces  a  scarcely  appreciable  reaction, 
and  induced  currents  from  superimposed  coils  produce  an  unbearably  strong 
reaction. 

In  order  to  test  the  first  three  points  of  difference,  the  hammer  of  an 
induction  apparatus  was  secured ;  and  a  cup  of  mercury,  with  wires  dipping 
into  it,  arranged  so  as  to  form  part  of  the  circuit  of  the  induced  current.  By 
raising  and  again  dipping  the  wires,  completion  and  interruption  induction 
shocks  were  obtained,  and  it  was  found  that  neither  the  stronger  interruption 
shock,  nor  the  weaker  completion  shock,  produced  contractions  on  the  para- 
lysed side,  although  the  completion  shocks  in  the  same  experiment  acted 
powerfully  tipon  the  sound  side.  Hence  it  appeared  that  neither  the  rapid 
succession  of  the  individual  induction  shocks,  nor  their  alternating  direction, 
could  be  the  cause  of  their  inefficacy,  and  hence  only  their  brief  diu-ation 
remains  to  be  considered.  The  foUowing  experiment  may  serve  for  proof. 
Neumanu  reduced  the  duration  of  the  battery  cui-rent  to  the  smallest  appre- 
ciable time  by  introducing  into  the  circuit  a  mechanism  in  which  a  fine 
platinum  wire  was  drawn  quickly  over  a  little  plate  of  wood  in  which  a  thin 
plate  of  platinum  was  inserted,  with  its  edge  level  with  the  siu-face.  The 
cui'rent  only  passed  whilst  the  wire  and  the  jjlate  of  platinum  were  in  contact, 
and  the  electrodes  being  first  put  in  position,  the  circiiit  was  thus  completed. 
He  found  that  the  strongest  battery  current  was  thus  rendered  almost 
ineffectual  on  the  paralysed  side,  although  on  the  sound  side  it  produced 
active  contraction.  If  one  electrode  was  placed  on  the  paralysed  cheek,  the 
other  on  the  chin  exactly  in  the  median  line,  and  then  a  current  from  fifty 
elements  was  allowed  to  pass  through  the  above  described  apparatus,  the  para- 
lysed side  showed  only  a  trace  of  contraction,  while  the  sound  side,  although 
lying  outside  of  the  proper  course  of  the  current,  was  more  strongly  moved. 
The  principal  current  acted  with  less  power  on  the  paralysed  side  than  the 
side  current  on  the  sound  side,  and  Neumann  lias  observed  the  same  thing 
with  strong  induction  shocks  in  the  same  position  of  the  electrodes. 

Neumann  replies  as  follows  to  the  question  as  to  the  nature  of  the  physical 
difference  of  the  induced  and  of  the  battery  currents  in  their  action  upon 
paralysed  nerves.  The  excitability  of  tlie  paralysed  nerves  and  muscles  as 
against  momentary  currents— even  when  of  considerable  strength— is  last; 
but  their  excitability  as  against  cm-rents  of  greater  than  momentary  dura- 
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tion,  cvon  of  a  less  degree  of  strength,  is  retained,  and  even  somewhat 
increased. 

Neumaim  has  since  observed  the  same  phenomena,  in  the  nerves  and 
muscles  of  frogs  after  the  death  of  the  animal,  as  in  the  paralysed  muscles  of 
the  face.  Before  the  total  loss  of  excitability,  he  has  seen  a  period  of  diminu- 
tion, often  lasting  for  several  hours,  during  Avhich  the  _  strongest  induced 
ciu-rents  of  the  slide  apparatus,  with  its  cylinder  pushed  in,  were  ineffectual 
to  excite  contractions,  while  the  completion  and  interrui^tion  of  battery 
currents  from  four  or  six  of  Siemens'  elements  produced  a  marked  reaction, 
both  through  the  motor  nerves,  and  in  direct  excitation  of  the  muscles. 
Neumann  applies  to  tliis  phenomenon  the  above  explanation ;  namely,  that 
under  the  conditions  present,  a  sti'onger  momentary  cuxrent  produces  a  less 
effect  than  the  interruption  and  completion  of  a  weaker  one  of  longer  dm'ation ; 
and  he  refers  to  the  researches  of  von  Bezold  and  Fick,  according  to  whom, 
next  to  the  oscillations  of  tension,  the  time  during  which  the  current  passes 
at  a  constant  height  through  nerve  and  muscle,  forms  an  important  factor  of 
the  stimulation. 

In  succession  to  these  observations  of  Neumann,  Bruckner  has  instituted 
experiments  on  several  patients  suffering  from  fatty  atrophic  paralysis,  and 
has  confirmed  Neumann's  view.  On  the  paralysed  muscles  an  induced 
cm-rent  had  no  action ;  but  a  battery  current  of  twenty  elements  produced  a 
conti-action  at  closing.  Briickner  observed  that  this  contraction  at  closing 
did  not  take  place  immediately,  as  it  does  in  sound  or  only  shghtly  paralysed 
muscles,  but  that  a  very  small  period  of  time  intervened ;  also  that  in  slow 
succession  of  completion  and  interruption  (from  half  to  one  second)  the 
contractions  were  greater  than  in  quicker  succession  (four  or  five  in  a 
second) ;  that  in  changing  the  current  by  the  commutator,  the  contractions 
were  yet  more  considerable  than  in  slow  interruptions  and  completions ;  and, 
lastly,  that  in  approximating  instantaneous  interruptions  of  a  continuous 
cm-rent,  the  conti'action  wholly  ceased.  Briickner  tested  these  facts  on  the 
peroneal,  crural,  sciatic  and  'tibial  nerves,  in  this  manner.  The  current 
passed  through  a  circuit  completed  by  an  electric  key ;  and  this  circuit,  by 
means  of  a  short  gentle  tap  on  the  head  of  the  key,  was  opened  and  instantly 
closed  again.  Dm-ing  this  momentary  interruption,  the  contraction  of  the 
muscle  remained  imaltered ;  but  in  a  longer  interruption  it  always  became 
stronger.  That  an  interruption  actually  took  place,  is  rendered  evident  by 
Briickner's  test  experiments.  With  how  many  elements  he  worked  on  the 
individiial  muscles  and  nerves,  and  whether  he  went  on  to  employ  currents 
of  considerable  strength,  are  not  stated.  He  concludes  by  saying  that,  so  far 
as  any  conclusion  can  be  drawn  from  his  few  experiments,  a  certain  tardiness 
of  the  nerves  with  respect  to  the  electrotonic  state  is  not  to  be  mistaken, 
since  they  require  a  longer  duration  of  cm-rent  in  order  to  be  brought  into 
this  state,  and,  when  so  brought,  a  longer  interruption  in  order  to  lose  it,  and 
in  a  momentary  interruption  they  continue  in  it. 

For  the  last  observations  bearing  upon  this  question  we  are  indebted  to  A. 
Eulenbmg.  He  saw  the  case  of  a  girl,  twenty  years  old,  who  had  suffered  for 
eight  weeks  from  complete  facial  paralysis  of  the  right  side,  of  rheumatic  or 
traumatic  origin.  With  normal  cutaneous  sensibility  the  affected  side  had 
completely  lost  its  excitability  by  intermitting  currents,  either  intra-  or  extra- 
muscular,  either  with  slow  or  rapid  interruptions,  or  with  changing  the  direc- 
tion of  the  cun-ent.  Faradization,  and  the  subcutaneous  injection  of  strych- 
nine, in  the  course  of  forty-one  days,  produced  no  alteration  whatever.  A 
galvanic  cun-ent  from  eighteen  defective  Daniell's  elements  was  then 
employed ;  this,  although  so  weak  that  it  produced  no  trace  of  effect  upon 
the  sound  side,  either  motor  or  sensory,  produced  strong  contractions  on  the 
diseased  side,  especially  when  both  poles  were  ])laced  upon  the  face.  After 
seven  sittings,  the  paralysis  was  decidedly  improved,  but  the  difference  in  the 
actif)n  of  the  two  kinds  of  current  was  unaltered.  After  nineteen  sittings 
(from  February  27  to  March  17)  the  deformity  was  removed,  and  the  power 
of  voluntary  movement  was  restored.    Notwithstanding  this,  the  reaction  to 
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the  two  kinds  of  current  remained  unaltered  from  the  first  condition ;  and. 
especially  during  the  recovery,  the  susceptibility  to  the  galvanic  current  did 
not  diminish,  nor  that  to  the  induced  current  increase,  as  might  have  heen 
expected  from  former  observations. 

Eulenburg— who  contests  Meyer's  doctrine,  that  the  contractions  obtained 
through  the  facial  are  of  a  reflex  character — rightly  places  stress  upon  the 
following  points  in  liis  observations,  as  incompatible  with  that  doctrine.  1. 
The  stationary  character  of  the  galvanic  stimulating  effect.  2.  The  ab.sence 
of  any  considerable  irritation  of  the  sensitive  or  sensory  (special)  nerves. 
3.  That  the  contractions  had  no  spasmodic  character.  4.  That  on  localizing 
the  cui-ront  in  any  muscle,  this  and  no  other  would  react.  5.  That  slow  inter- 
mission of  very  painful  induced  currents  produced  no  contraction. 

Eulenburg  thus  points  out  a  modified  action  of  the  current  upon  the  facial ; 
since,  in  such  a  case,  the  abiding  loss  of  sensibiUty  to  the  induced  current 
remains  unexplained.  He  is  inclined  to  suppose  the  existence  of  different 
specific  energies  of  the  motor  nerves,  namely,  for  the  galvanic,  the  faradic,  and 
the  volitional  stimuhis.  He  thinks  it  possible  that,  under  certain  unkno^Ti 
differences  of  molecular  condition,  one  or  other  of  these  energies,  or  even  two 
of  them,  may  be  wholly  lost,  without  injury  to  the  third.  He  recalls  the 
hitherto  little  studied  cases  in  which,  while  the  motility  remains  intact,  ihe 
galvanic  and  faradic  irritabilities  are  lost ;  and  also  the  occm'rence  of  loss  of 
sense  of  pain,  and  loss  of  sense  of  temperature  in  certain  cerebral  derange- 
ments, while  the  sense  of  touch  remains. 

All  the  preceding  observations,  given  in  abstract,  with  the  exception  of 
Briickner's,  refer  solely  to  paralysis  of  the  facial  nerve ;  and  Ziemssen  adds 
two  more,  wliich  belong  to  the  same  order  with  Briickner's,  and  which  prove 
that  the  difference  in  the  excitability  for  the  two  kinds  of  ciuTcnt  affects  other 
nerves  also,  in  the  same  way  as  the  facial.  The  fii'st  of  these  observations  has 
reference  to  a  paralysis  of  the  parts  supplied  by  the  ulnar  nerve;  the  second, 
to  paralysis  of  the  parts  supplied  by  the  radial. 

Ziemssen  next  cites  two  cases  which  afford  proof  that  the  control  of  the 
will  over  paralysed  muscles  may  be  restored,  without  any  restoration  of  their 
excitabnity  to  either  faradic  or  galvanic  stimulus.  He  then  attempts  to 
classify  the  very  numerous  phenomena  described  in  his  previous  obser- 
vations, and  displayed  in  cases  of  "peripheral  paralysis  when  the  paralysed 
nerves  and  muscles  are  tested  by  induced  and  continuous  cm-rents,  and  obtains 
the  following  series : — 

I.  Paralysis  in  which  the  affected  muscles  and  nerves  have  entirely  lost 
their  excitability,  either  for  the  will,  or  for  both  kinds  of  electric  current. — 

(^Ziemssen.) 

II.  Paralysis  in  which  the  motility  is  partly  retained  or  regained ;  while 
the  affected  muscles  and  their  motor  nerves  are  not  susceptible  of  the  influ- 
ence of  either  kind  of  electric  cui'rent. — {Eulenhurg,  Ziemssen.) 

III.  Paralysis  in  which  the  motility  is  entii-ely  lost;  but  in  which  the 
excitability  by  both  electric  currents  is  not  lost,  although  much  diminished. 
— (i¥.  Meyer.) 

IV.  Paralysis  in  which  the  affected  muscles  and  nerves  have  entirely  lo.st 
their  excitability  by  the  will,  or  by  the  induced  cun-ent ;  while  their  excita- 
bility by  the  continuous  current  remains. 

In  this  class  the  preceding  cases  have  displayed  the  following  phe- 
nomena : — 
(a.)  During  the  absence  of  motility. 

1.  The  excitability  for  the  continuous  current  is  increased ;  so  that  feeble 
battery  currents,  which  i)roduce  no  trace  of  effect  upon  the  healthy  homo- 
logous muscles,  excite  the  paralysed  muscles  to  active  contraction.— (i)'a;Vr- 
Jacher,  Schulz,  Neumann,  EuJenherg,  Ziemsstn.) 

2.  The  excitability  for  the  continuous  current  increases  greatly  dunng 
treatment  with  it;  rapidly  attains  its  maximum,  and  then  diminishes.— 
(Ziews.se??.) 
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8.  The  excitability  for  tlie  continuous  ctirront  is  not  always  simultaneously 
equally  increased  in  all  brandies  of  the  paralysed  nerves.  In  the  less  excitable 
muscles  and  nerves  the  excitability  increases,  and  then  diminishes,  later  than 
in  those  that  were  more  excitable  at  the  tirst. — (Zie?nssen.) 

i.  The  contractions  of  the  paralysed  muscles,  occasioned  by  battery 
ciuTcuts,  do  not  occur  with  the  same  precision  as  in  healthy  muscles,  but 
ajipear  somewhat  dra\\Ta  out. — (Biiirkner,  Zieinsseti.) 

5.  The  contractions  are  produced  in  many  cases  only  by  direct  excitation  of 
the  muscles;  and  not  by  excitation  of  the  correspondiug  motor  nerves. — 
(  Seumann,  Ziemssen). 

(h.)  With  the  rettirn  of  motiUty. 

6.  The  excitability  by  the  continuous  current  is  gTadually  lost  with  the 
retui'n  of  voluntary  movement;  and  the  excitabiUty  by  induced  currents 
gradually  returns  at  the  same  time. — (iichuJz,  Zkmssev.) 

7.  The  excitabihty  by  the  continuous  cim-ent  is  gradually  lost  with  the 
retm-n  of  motihty;  but,  in  spite  of  the  complete  restoration  of  motility, 
the  excitability  by  the  induced  current  does  not  return.  The  excitability 
for  both  currents,  first  after  the  lapse  of  months  or  years,  returns  gradually 
and  uniformly  to  its  normal  standard. — {Zumssen.) 

8.  The  excitability  by  the  induced  current  does  certainly  return,  but 
remains  less  than  in  the  homologous  muscles  of  the  healthy  side,  and  is  only 
manifest  on  direct  muscular  excitation.  The  continuous  cuiTent  permanently 
produces  stronger  contractions  in  the  paralysed  than  in  the  homologous 
healthy  muscles,  but  also  only  by  direct  excitation. — (Neumann.) 

9.  The  excitability  by  the  continuous  current  remains  imdiminished ;  but 
the  excitability  by  the  induced  cui'rent  (for  the  present  at  least)  does  not 
return. — (  Etdenburg^  Ziemssen.) 

V.  From  a  therapeutic  point  of  view,  in  loeripheral  paralysis  (supposing  it 
to  be  curable),  that  current  is  the  most  useful  to  which  the  muscles  preserve 
theii'  excitability.  Those  paralyses,  therefore,  in  which  faradic  contractility 
is  wholly  or  in  part  retained,  should  be  treated  by  induced  currents ;  and 
those  by  galvanic  currents  in  which  the  faradic  contractihty  is  lost,  but  the 
galvanic  contractility  retained. 

In  a  further  examination  of  the  physical  and  physiological  questions  arising 
out  of  the  plienomena  described,  Ziemssen  thinks  (1),  in  accordance  with 
Neumann,  that  the  physical  difference  between  the  action  of  continuous  aud 
induced  currents  may  be  expressed  as  follows: — rarahjsed  nernes  and  muscles 
lose,  under  certain  circumslancirs,  their  excitahiJity  hy  electric  currents  of  momen- 
tary duration,  even  tvlien  these  are  applied  in  rapid  succession  and  of  great 
strength.  On  the  other  hand,  they  retain  their  excitability,  and  it  may  even  he 
increased  above  the  normal  for  currents  of  longer  duration,  even  ivhen  the  latter 
possess  very  little  intensity.  (2.)  Further,  he  concludes  that  in  perijiheral 
pai'alysis,  the  disturbance  of  nutrition  in  the  affected  nerves  affords  the  most 
important  impulse  for  the  genesis  of  the  consecutive  changes  of  cxcitabihty  to 
the  electric  currents ;  and  from  the  cases  cited  ho  thinks  there  is  a  clinical 
basis,  especially  from  the  testing  with  electric  cru-rents,  to  distinguish  several 
degrees  of  lesion. 

FiusT(SuaHTEST)EEGUEE.— MotiUty  diminished  or  suspended.  Excitability 
Tor  intermittent  and  constant  currents  normal.  Inconsiderable  disturbance 
of  nutrition,  followed  by  speedy  return  of  motihty.  The  same  phenomena 
are  present  during  the  first  week  after  severe  injuries,  so  long  as  degeneration 
has  not  yet  occurred. 

Second  Degree. — Motility  suspended,  faradic  and  galvam'c  contractility 
dimuiished.  Shght  disturbance  of  nutrition,  early  return  of  motility,  and 
improvement  of  the  electro-muscular  contractility  under  the  employment 
of  the  induced  current. 

TmiiD  Deorke.— Motility  suspended.  Excitability  for  the  induced  current 
lost,  for  the  continuous  current  retained  both  by  nerve  and  mnsclo.  Severe 
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disturbance  of  nutrition,  commonly  followed  by  gradual  loss  of  galvanic 
irritability ;  but  in  which,  in  favourable  cases,  the  motility,  and  frequently 
also  the  faradic  excitability,  quickly  retui'u.  The  most  effectual  treatment 
is  by  continuous  currents. 

Fourth  Degree.  —  The  excitability  of  the  nerves  by  volition,  and  Ijy 
electric  currents  of  both  lands,  is  lost ;  but  the  iiTitability  of  the  muscles  for 
the  continuous  cui'rent  is  retained.  Complete  degeneration  of  the  ner^'es  to 
then.'  terminations  in  muscles.  Results  of  treatment  by  continuous  current 
doubtful. 

EiPTH  Degree.— For  nerves  and  muscles  alike,  the  excitability  for  the 
will  or  for  both  kinds  of  electric  cui-rent,  is  wholly  lost.  Very  severe  dis- 
tvu'bance  of  nutrition  both  in  nerves  and  muscles.   Prognosis  unfavourable. 

It  is  self-evident,  Ziemssen  adds,  that  this  division  is  only  superficial ;  and 
no  one  can  suppose  that  a  number  of  apparently  paradoxical  phenomena  can 
receive  theii'  explanation  in  this  manner. 

For  the  present,  the  different  condition  of  the  excitability  for  the  vstII,  and 
for  the  electric  cui-rent  in  the  third  degree  of  disturbance  of  nutrition,  remains 
not  understood;  especially  the  complete  return  of  the  volitional  influence 
dm'ing  the  complete  absence  of  excitability  by  the  electric  cui-rent ;  further, 
the  opposite  action  of  the  two  currents  in  the  course  of  the  paralysis,  and 
the  want  of  coincidence  in  the  phenomena  observed  in  the  recorded  cases. 
Possibly  inequalities  or  differences  may  exist  in  the  changes  in  the  anatomical, 
physical,  and  chemical  condition  of  the  nerves,  and  may  cause  the  various 
phenomena,  while  they  themselves  escape  our  perception.  Possibly,  also,  as 
Eulenburg  assimies,  the  motor  nerves  may  possess  separate  energies  for  the 
different  stimuli. 

Ziemssen  also  gives  the  notes  of  a  case  which  affords  evidence  that  the 
difference  of  excitability  for  galvanic  and  induced  cm-rents,  is  displayed  also 
in  diptheritic  paralysis  of  the  velum,  and  that  it  affords  as  Kttle  ground  for 
unfavourable  prognosis  in  these  as  in  other  muscles,  since  the  paralysis  was 
cured  by  galvanization  in  fourteen  days. 

A  Like  difference  of  reaction  to  the  induced  and  galvanic  currents  has 
been  observed  by  my  predecessor  at  the  National  Hospital  for  the  Pai'alysed 
and  .Epileptic,  Mr.  J.  Netten  Radcliffe,  and  by  Professor  Hammond,  of  New 
York,  in  certain  forms  of  infantile  paralysis ;  and  by  Mr.  J.  N.  Radcliffe  in 
other  forms  of  local  paralysis  than  those  described  by  Ziemssen.  The  thera- 
peutical effect  of  the  interrupted  galvanic  current  in  the  treatment  of  infantile 
pai'alysis,  as  observed  in  the  National  Hospital  and  by  Professor  Hammond, 
will  be  discussed  in  the  chapter  devoted  to  this  disease.  The  following 
remarkably  interesting  case  of  successful  ti-eatment  of  pai-alysis  of  the  deltoid 
is  recorded  from  the  practice  of  Blr.  EadcUffe,  in  the  'Lancet'  for  1866 
(vol.  ii.  p.  57(i). 

The  patient  was  a  blacksmith,  aged  25  years.  After  several  days'  suffering 
from  severe  "  rheumatic  pains,"  so-called,  in  lx)th  shoulders,  but  particularly 
in  the  left,  he  lost  suddenly,  while  working  with  an  ordinary  sized  hammer 
one  morning,  the  power  of  raising  his  right  arm.  When  fii-st  seen,  five  weeks 
after  this  occurred,  the  deltoid  and  infra-spinatus  muscles  of  the  right  side 
were  found  to  be  completely  paralysed,  and  there  was  some  wasting  of  the 
former  muscle.  The  contractility  of  both  muscles  under  the  induced  current 
was  annihilated;  the  electric  sensibility  was  diminished  over  the  infra- 
spinatus, and  this  form  of  sensibility,  as  well  as  the  sensibility  to  heat,  cold, 
tickling,  and  touch,  were  absolutely  wanting  in  a  triangular  space  (the  apex 
pointing  downwards)  over  the  deltoid,  measiu-iug  two  inches  and  a-half  at 
the  base,  and  five  inches  from  the  base  to  the  apex.  Under  powerful  fora- 
dization,  seven  times  repeated  at  intervals  of  tkree  days,  not  a  trace  of 
contraction  could  bo  excited  in  the  paralysed  muscles,  and  the  wasting 
evidently  increased.  Electro-puncture  was  had  recourse  to  several  times, 
but  a  dubious  action  of  some  superficial  fibres  was  the  only  result,  Mr. 
Radcliffe  then  tried  the  interrupted  galvanic  current.   With  thirty-five  cells 


VALUE  OF  GALVANIC  CURllENTS  IN  MEDICINE. 


231 


of  a  Bcckor-Muirlieacl  battery,  which  j^roduced  no  effect  on  the  liealtliy  left 
deltoid  and  infra-spinatus,  a  marked  contraction  of  both  paralysed  muscles 
was  excited  :  with  forty-five  cells  (also  iueiiective  upon  the  healthy  muscles) 
an  energetic  contraction.  Mr.  Radcliffe  from  this  time  used  the  interrupted 
galvanic  current  alone,  thrice  weekly,  and  each  time  about  ten  minutes, 
until  it  had  been  applied  thirty  times.  At  the  end  of  tliis  period,  seventy-five 
cells  were  required  to  produce  the  amount  of  contraction  formerly  caused 
by  forty-five ;  and  under  the  full  force  of  the  cm-rent  from  the  primary  coil 
of  a  large  Stohrer's  induction  apparatus,  shght  contraction  was  produced 
in  the  deltoid.  The  fui'ther  wasting  of  the  muscles  appeared  also  to  have 
ceased,  although  they  did  not  gain  in  bulk. 

At  this  time  treatment  was  suspended  for  two  months,  the  patient  being- 
compelled  to  leave  town.  In  the  interval,  not  only  was  the  httle  ground 
which  had  been  gained  by  electrical  treatment  lost,  but  the  paralysed  muscles 
had  become  more  and  more  wasted,  and  it  was  now  clear  that  the  supra- 
spinatios  also  suffered.  The  wasting,  indeed,  was  so  great,  that  of  the  deltoid 
barely  a  filmy  layer  of  fibres  could  be  presumed  to  remain.  Faradization 
over  the  affected  muscles  did  not  excite  a  trace  of  contraction,  and  electro- 
puncture  yielded  only  doubtful  action.  But  again  the  interrupted  galvanic 
current  caused  inarked  contraction ;  and,  pursuing  the  same  course  that  he 
had  done  before,  Mr.  Eadcliffe  used  daily  for  about  a  dozen  times  this  form 
of  cm-rent  only.  At  the  end  of  the  twelve  applications,  on  using  the  full 
force  of  the  cm-rent  from  the  primary  coil  of  a  large  Stohi-er's  induction 
apparatus,  distinct  but  shght  contraction  of  the  deltoid  and  infra-spinatus 
occtu-red.  From  this  period  faradization  of  the  paralysed  muscles  was 
persisted  in  fom-  times  in  the  week. 

The  history  of  this  case  was  not  completed  in  the  accoimt  given  by  the 
'Lancet'  reporter.  I  am  now  able  to  give  the  result.  The  affected  muscles 
steadily  increased  in  bulk,  their  electro-contractility  improved,  and  sensi- 
bility to  the  electric  current,  touch,  tickling,  heat,  and  cold  retm-ned,  and  at 
the  end  of  fom-  months,  the  patient  was  enabled  to  use  his  right  arm  freely, 
and  retm-n  to  his  ordinary  occupation.  At  this  time  no  difference  could 
be  distinguished  between  the  right  and  left  deltoid,  and  voluntary  control 
was  as  complete  over  the  one  muscle  as  the  other ;  but  the  electromotfiity 
of  the  right  muscle  was  not  equal  to  that  of  the  left. 

In  the  autumn  of  1869,  this  case  came  under  my  observation.  During  the 
interval  the  man  had  followed  his  occupation,  using  with  freedom  even  the 
large  hammer.  But,  about  four  weeks  before  placing  himself  under  medical 
care  again,  he  had  begun  to  suffer  from  severe  erratic  pains  in  the  right 
arm  and  forearm,  and  an  inability  to  wield  the  hammer  freely.  In  bulk  of 
muscles  and  voluntary  action,  no  difference  could  be  detected  between  the 
right  and  left  arms.  The  right  deltoid  was  apparently  as  fully  developed  as 
the  left.  There  was  no  alteration  of  sensibility  of  any  form  over  the  right 
arm,  and  all  the  muscles  responded  to  an  induced  current  of  ordinary 
strength,  an  interrupted  galvanic  current  producing  no  contraction  until 
its  force  was  raised  to  a  point  that  it  would  act  upon  healthy  muscles.  But 
the  motor  effect  produced  on  the  right  deltoid  by  induced  currents  of  equal 
strength  was  much  less  than  on  the  left.  Tiie  case  unfortunately  was  seen 
only  three  or  four  times,  and  its  farther  history  is  unknown. — IJ.  T.~\ 
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CHAPTEE  IV. 

ELECTRO-MEDICAL  INSTEUMENTS,  WITH  EEGAED  TO  THEIll  AP- 
PLICATION IN  PHYSIOLOGY,  IN  PATHOLOGY,  AND  IN  THEEA- 
PEUTICS. 

The  choice  of  a  good  apparatus  is  of  great  importance  in  the 
practice  of  localized  electrization.  To  what  purpose,  indeed, 
should  we  be  skilful  in  the  art,  if  the  apparatus  at  our  command 
were  unable  to  respond  to  the  requirements  of  pliysiological,  patho- 
logical, and  therapeutical  research? 

I  therefore  purpose,  in  this  chapter,  first,  to  examine  the  pro- 
perties that  should  be  possessed  by  electro-medical  instruments ; 
secondly,  to  describe  the  instruments  that  I  have  myself  contrived, 
and  that  appear  to  me  to  correspond  with  the  progress  of  medical 
electricity ;  thirdly,  to  examine  whether  the  instruments  in  com- 
mon use  possess  the  properties  that  are  required. 

Pakt  the  Fiest. 

the  peoperties  which  instruments  should  possess. 

§  I.  Any  faradic  api^aratus  intended  for  medical  ])ractice,  hut  not 
^possessing  'primary  and  secondary  coils,  or  in  ivhich  these  coils 
are  not  constructed  after  certain  proportions  of  thickness  and 
length  of  wire,  cannot  fidfil  all  the  requirements  of  therapeutics. 

The  foregoing  proposition  is  but  a  deduction  framed  from  tlie 
electro-physiological  experiments,  and  the  facts  detailed  in  §  I., 
p.  22  et  seq.,  and  which  it  would  be  superfluous  to  reproduce,  or 
even  to  recapitulate.  The  proposition  cannot  be  disputed  unless 
the  facts  on  which  it  rests  can  be  disputed ;  and  these  have  been 
submitted  to  the  test  of  prolonged  and  public  experiment,  have 
been  sanctioned  by  many  academic  commissions,  and  have  been 
checked  and  witnessed  by  a  large  number  of  observers,  both  French 
and  of  other  countries.  They  therefore  form  part  of  science,  in 
spite  of  some  ill-wishers,  and  of  conduct  that  can  only  be  explained 
by  ignorance,  or  bad  faith,  or  malevolence. 

I  have  defined  the  conditions  under  which  I  have  worked,  in 
order  to  obtain  the  electro-physiological  results  that  I  have  de- 
scribed. I  have  stated  what,  approximatively,  should  be  the 
diameter  and  the  length  of  wire  of  the  two  coils  for  double  induc- 
tion, in  order  to  endow  them  with  the  maximum  of  their  diftereu- 
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tial  properties.  It  is  evidently  necessary  that  any  other  experi- 
menter should  place  himself  under  the  same  conditions  of  ex- 
periment, if  he  would  judge  correctly  of  the  value  of  my  electro- 
physiological researches  and  of  the  deductions  drawn  from  them, 
or  if  he  desires  to  apply  them  in  practice.  From  this  point  of 
view,  at  least,  electro-medical  instruments  should  be  constructed 
in  the  manner  that  I  have  laid  down. 

§  II.  The  sloio  or  rajpid  intermissions  of  the  electro-medical  instru- 
vients  produce  sjpeeial  physiological  effects,  and  cannot  replace 
one  another  in  practice. 

In  order  to  make  clear  the  utility  or  the  necessity,  the  incon- 
veniences or  the  dangers,  of  faradic  currents  with  intermissions 
more  or  less  slow  or  rapid,  it  is  suificieut  to  describe  the  physio- 
logical phenomena  that  •  are  produced  under  their  influence ; 
and  to  frame  from  these,  immediate  practical  deductions,  which 
will  be  fully  borne  out  by  the  facts  stated  in  the  course  of  this 
volume. 

I.  Action  of  the  Eapid  Intekmisstons  of  Currents. 

A. — Upon  electro-mmcular  contractility. — A  muscle,  which  re- 
ceives the  stimulus  of  a  single  intermission  of  an  induced  current, 
contracts,  but  immediately  falls  back  into  complete  relaxation. 
If  this  intermission  be  followed  by  many  others,  sufficiently  near 
together,  the  muscular  contractions  follow  one  another ;  and  the 
muscle  becomes  less  completely  relaxed  between  the  inter- 
missions in  proportion  as  they  are  less  distant.  It  follows  that 
the  muscular  fibres  contract  more,  the  more  rapid  is  the  induced 
current. 

It  is  necessary  to  guard  against  the  supposition  that  a  current 
of  rapid  intermissions  causes  more  energetic  contraction  of  muscle 
than  a  current  of  slow  intermissions.  That  such  a  belief  would 
be  erroneous  may  be  shown  by  the  following  experiment.  If  we 
apply  a  rapid  and  a  slow  current  alternately  to  a  paralysed  muscle, 
the  irritability  of  which  is  undiminished,  for  example,  to  the 
flexor  communis  digitorum,  and  if  we  attach  a  weight  to  the  lingers 
moved  by  the  muscle,  we  shall  see  that  the  rapid  current  does  not 
give  the  muscle  power  to  sustain  a  heavier  weight  than  it  would 
sustain  under  the  influence  of  the  slow  current.  If,  under  a  rapid 
current,  tlie  extent  of  the  muscular  contraction  is  increased,  and 
if  therefore  the  movement  of  a  linger  is  more  extensive,  this  is 
because,  the  fibres  relaxing  little  or  not  at  all  during  the  brief 
intervals,  each  excitation  shortens  them  more  and  more.  To 
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obtain  a  more  energetic  contraction,  it  is  necessary  to  use  a  cur- 
rent that  is  more  intense. 

The  muscular  shoclcs  produced  by  the  intermissions  diminish  as 
the  latter  become  more  rapid  ;  and  at  a  certain  rate  of  speed  the 
contraction  appears  to  be  continuous,  as  if  it  were  produced  phy- 
siologically by  the  nervous  current,  that  is,  by  the  will.  For  this 
it  is  necessary,  however,  that  the  rapidity  should  be  extreme ; 
since  otherwise  the  resulting  movements  will  resemble  a  kind  of 
tremor. 

B.  —  Upon  muscular  sensibility. — I  have  just  shown  that  the  force 
of  the  muscular  contraction  is  not  augmented  by  increasing  the 
rapidity  of  the  intermissions.  The  case  is  different  as  regards 
the  muscular  sensation  produced ;  for  this  is  always  augmented  by 
increasing  the  rapidity.  When  a  high  degree  of  speed  is  attained 
the  sensation  becomes  very  paini'ul,  almost  tetanic,  and  is  attended 
by  cramps. 

C.  —  TJ]Jon  muscular  tonieitij. — I  have  found  by  experience  that 
currents  of  rapid  intermission  augment  the  tonic  power  of  muscles, 
not  only  when  this  power  is  diminished,  as  we  see  it  in  certain 
conditions  of  disease,  but  also  when  the  muscles  are  in  their  normal 
state.  This  special  effect  of  rapid  intermissions,  when  it  is  long 
continued,  may  even  produce  shortening ;  and  facts  on  which  this 
statement  rests  will  appear  in  subsequent  pages.  It  will  then  be 
seen  how  I  was  led  to  observe  this  phenomenon,  and  also  that,  in 
order  to  produce  it,  the  currents  must  be  of  extreme  rapidity. 

D.  —  Upon  muscular  nutrition. — The  nutrition  of  muscles  some- 
times becomes  very  much  increased  under  the  influence  of  currents 
of  rapid  intermission.  The  cases  of  muscular  atrophy  or  of  atro- 
phic paralysis,  in  which  1  have  compared  the  effects  of  currents  of 
slow  and  of  rapid  intermission,  place  this  statement  beyond  doubt. 
However,  it  is  necessary  to  use  the  latter  with  circumspection ; 
because,  in  certain  morbid  conditions,  they  may  destroy  the  re- 
maining innervation  of  the  muscles. 

E.  —  Upon  electro-cutaneous  sensibility. — It  is  enough  to  experi- 
ment upon  one's  self  in  order  to  be  convinced  that  the  electro- 
cutaneous  excitation  increases  in  direct  proportion  to  the  rapidity 
of  the  current  rather  than  in  proportion  to  its  intensity. 

To  complete  the  account  of  the  influence  of  the  rapid  inter- 
missions of  an  electric  current  upon  the  sensibility,  I  should  add 
that,  generally,  every  organ  that  receives  the  nerves  of  animal  life 
is  excited  by  any  current,  the  more  painfully  the  more  rapid  are 
its  intermissions. 

Finally,  the  muscles  of  organic  life— of  the  intestines,  for  exiunple 
—contract  more  powerfully  if  the  intermissions  are  more  rapid. 
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II.  Indications  and  Contra-indications  for  Eapid 

Intermissions. 

A  knowledge  of  the  foregoing  facts  enables  us  to  foresee  the 
niimeroas  indications  or  contra-indications  for  rapid  intermission 
of  the  currents  ;  and  I  proceed  to  set  forth  what  a  long  and  daily 
experience  has  taught  me  upon  this  subject. 

A. — Cases  in  loliich  the  employmetit  of  rapid  intermissions  is  in- 
dicated.— (a).  The  property  possessed  by  rapid  intermissions,  of 
producing  artificial  contractions  which  perfectly  imitate  voluntary 
movements,  enables  us  to  employ  them  in  the  study  of  the  indivi- 
dual actions  of  muscles.  But  it  will  be  seen  that  such  researches 
require  the  employment  of  an  intermittent  current  of  extreme 
rapidity,  especially  for  the  muscles  of  the  face.  The  magneto- 
electric  instruments,  the  intermissions  of  which  are  scarcely  of 
sufficient  rapidity  to  produce  contractions  without  tremor  of  the 
muscles  of  the  limbs  and  of  the  trunk,  have  been  insufficient  for 
my  researches  upon  those  of  the  face.  The  constant  quivering  of 
the  facial  muscles,  when  excited  by  the  currents  from  such  instru- 
ments, forbid  one  to  observe  exactly  the  individual  influence  of 
each  one  upon  expression. 

(b).  The  study  of  the  physiological  action  of  slow  and  of  rapid 
intermissions  has  shown  that  we  can,  by  the  aid  of  the  former, 
act  with  more  or  less  energy  upon  the  contractility  or  the  sensi- 
bility of  muscle.  For,  since  every  electric  excitation  of  a  muscle 
necessarily  produces  at  once  a  sensation  and  a  contraction,  we 
may  diminish  at  pleasure  the  force  of  the  contraction,  and  may 
increase  the  sensation,  by  combinining  the  current  of  the  primary 
coil,  the  special  action  of  which  upon  muscular  sensibility  is  known, 
with  rapid  intermissions,  or  vice  versa. 

The  power  of  energetically  arousing  the  muscular  sensibility  by 
the  aid  of  rapid  intermissions  finds  its  most  useful  applications  in 
cases  in  which  the  muscles  have  lost  their  sensibility.  Such  cases, 
as  I  shall  have  occasion  to  show,  are  not  infrequent ;  and  I  shall 
hereafter  cite  numerous  examples. 

I  have  often  found  muscles  which,  whether  deprived  or  not  of 
the  power  of  voluntary  movement,  were  completely  insensitive  to 
the  electric  excitation ;  so  that  I  was  able  to  produce  very  ener- 
getic contractions  by  the  application  of  the  most  rapid  currents, 
without  the  patients  being  conscious  of  them.  The  skin  covering 
such  muscles  was  also  in  some  cases  insensitive ;  but  in  others  it 
retained  its  normal  sensibility. 

Patients  who  are  deprived  only  of  the  sensibility  of  the  skin 
(antcsthesia  or  analgesia)  preserve  their  consciousness  of  the  move- 
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ments  which  they  execute  or  which  are  impressed  upon  their  limbs. 
They  feel  blows  which  aiiect  the  deeper  tissues ;  and  their  feet, 
when  resting  upon  the  ground,  appear  to  tliem  as  if  placed  upon 
a  soft  surface,  such  as  that  of  a  carpet.  We  also  see  them  stamj) 
upon  the  ground  in  walking,  so  as  to  feel  it  better.  If  they  are  at 
the  same  time  deprived  of  the  cutaneous,  the  muscular,  and  the 
articular  sensibility,  and  if  the  bones  are  also  insensitive  (a  con- 
dition the  existence  of  which  I  have  ascertained  by  electric  excita- 
tion of  the  osseous  surfaces),  they  do  not  feel  even  the  most  violent 
blows,  they  have  no  consciousness  of  their  movements,  they  cannot 
maintain  an  upright  posture,  except  by  looking  at  the  groimd  which 
they  have  ceased  to  feel ;  and,  in  bed,  they  are  unconscious  oi' 
their  limbs,  unless  they  see  them. 

Case  XVIII. — I  have  seen,  in  La  Charite,  a  patient  completely  anassthetic 
and  analgesic,  who  felt  as  if  she  were  suspended  in  the  aii-  when  she  ceased 
to  see  the  bed  on  which  she  was  placed.  Tliis  caused  her  continual  terrors 
at  the  moment  of  falling  asleep ;  for,  not  seeing  the  bed,  she  beUeved  herself 
in  danger  of  falling,  and  could  not  be  re-assured  until  she  had  ascertained  by 
sight  that  she  was  actually  lying  upon  a  solid  bed. 

The  most  intense  induction  currents  are  powerless  against  these 
profound  lesions  of  sensibility,  unless  their  intermissions  succeed 
each  other  with  great  rapidity.  The  patient  above  referred  to 
had  suffered  from  general  insensibility  for  many  weeks  ;  and  was 
very  quickly  cured  by  currents  of  rapid  intermission,  the  re-com- 
position of  which  was  effected  in  the  muscles,  the  nerves,  and  the 
bones.  I  should  add  that  I  had  previously  faradized  her  with 
slow  intermissions,  but  with  no  benefit,  the  power  of  the  instru- 
ment being  at  its  maximum. 

It  is  especially  in  that  common  affection,  cutaneous  anaesthesia, 
that  rapid  intermissions  are  necessary  in  order  to  obtain  the 
therapeutic  influence  of  the  induced  currents ;  without  them  we 
should  fail  nearly  always,  notwithstanding  the  use  of  the  current 
of  the  second  coil,  graduated  to  the  maximum. 

(c).  I  have  employed,  in  therapeutics,  the  singular  property 
possessed  by  rapid  induced  currents  of  increasing  the  power  of 
muscular  tonicity,  a  force  which  never  sleeps.  It  is  this  tonic 
force  which,  in  the  absence  of  voluntary  contractions,  forms  the 
physiognomy,  and  maintains  the  natural  attitudes  of  the  limbs ; 
and  which,  if  diminished  or  increased,  will  disarrange  their  ad- 
mirably combined  mechanism,  as  liappens  in  muscular  pathology. 
This,  indeed,  shows  us  the  correctness  of  these  assertions  ;  we  tlien 
see  the  muscles  contract,  or  lose  more  or  less  of  their  tonic  force ; 
they  are  springs  which  have  either  become  tense  or  have  relaxed 
themselves  ;  if  I  may  be  pardoned  the  use  of  a  comparison  that  is 
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trivial,  but  accurate.  The  physiognomy  then  loses  its  stamp  of 
inflividuality ;  the  limbs  assume  vicious  attitudes.  It  is  under 
such  circumstances  that,  in  order  to  re-establish  the  harmony  of 
the  visual  traits,  or  to  correct  certain  deformities  of  the  limbs, 
I  have  rendered  tense,  so  to  speak,  these  muscular  springs,  some- 
times by  acting  upon  the  relaxed  muscles,  sometimes  by  opposing 
artificial  contraction  of  the  antagonists  to  the  contraction  caused 
bv  disease ;  in  either  case  by  means  of  induced  currents  of  extreme 
rapidity.  This  new  and  very  important  subject  will  be  fully 
treated  in  a  subsequent  portion  of  the  volume. 

(d).  Lastly,  experience  has  shown  me  that  the  use  of  currents 
of  rapid  intermission  is  necessary  in  the  treatment  of  certain 
forms  of  muscular  atrophy,  whether  they  may  be  complicated 
with  paralysis  or  not.  When,  however,  a  muscle  has  in  great  part 
undergone  fatty,  or  granular,  or  granulo-fatty  degeneration,  and 
when  there  only  remain  a  very  small  number  of  its  fasciculi  or 
fibres,  I  have  observed  that  the  rapid  intermissions  have  hastened 
its  destruction. 

B. —  Conditions  in  which  rapid  intermissions  are  contra-indicated. 

Tlie  utility  and  even  the  necessity  of  induction  currents  of  rapid 
intermission  has  been  perfectly  established  by  the  foregoing  con- 
siderations. Unfortunately,  every  medal  has  its  reverse ;  and  the 
very  properties  of  these  rapid  currents  render  their  employment 
dan2:erous  or  difficult  in  certain  cases. 

(a).  There  is  a  period  at  which  cases  of  paralysis  of  cerebral 
origin  may  be  advantageously  treated  by  local  faradization ;  and 
it  is  when  the  primary  lesion  has  disappeared  or  is  diminished. 
The  hsemorrhagic  effusion,  for  instance,  will  be  absorbed,  entirely 
or  in  part,  after  the  lapse  of  six  months  or  a  year.  There  will 
only  be  left,  in  the  brain,  a  cicatrix,  or  a  cyst  of  small  dimensions. 
The  influence  of  the  brain  is  transmitted  freely,  or  with  diminished 
difficulty,  to  the  muscles;  but  these  no  longer  react  to  the  in- 
fluence of  voluntary  excitation.  In  such  a  case,  the  paralysis  may 
be  considered  as  limited  to  the  muscles  ;  and  then  localized  fara- 
dization, as  I  have  shown,  will  restore  their  aptitude  for  motion. 
But  how  can  we  determine  exactly  the  state  of  the  brain  ?  It  is 
never  possible  to  say  at  once  that  there  is  not,  around  tlie  cyst, 
some  remnant  of  inflammatory  action,  undergoing  resolution,  but 
which  a  spark  may  rekindle  into  flame.  We  know  that  the 
occurrence  of  a  cerebral  ha3morrhage  predisposes  to  a  second,  in 
consequence  of  the  pathological  conditions  which  exist  in  the 
vascular  system  or  the  heart ;  conditions  which  produce  either 
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arterio-sclerosis,  or  miliary  aneurisms,  or  embolisms.  We  know, 
also,  that  any  excessive  general  excitement  may  recoil  upon  tlie 
nervous  centi-es,  and  may  produce  accidents  of  the  same  kind. 
The  employment  of  an  apparatus  with  rapid  intermissions,  and 
that  acutely  excites  the  sensibility,  is  therefore  very  dangerous  in 
the  treatment  of  cerebral  paralysis.  Of  this  fact  I  had  melancholy 
proofs  at  the  commencement  of  my  researches. 

It  follows,  consequently,  that  in  f(n-ms  of  paralysis  of  cerebral 
origin  it  is  necessary  to  be  very  circumspect  in  the  use  of  localized 
faradization,  and  to  avoid  exciting  too  acutely  the  general  sensi- 
bility, under  pain  of  exposing  the  patient  to  serious  mischances. 
And,  as  we  know,  faradization  by  rapid  intermission  does  excite 
the  sensibility  acutely. 

Because  currents  of  rapid  intermission  might  be  dangerous  or 
inapplicable  in  the  treatment  of  cerebral  paralysis,  it  does  not 
follow  that  such  cases  ought  not  to  be  subjected  to  localized 
faradization.  We  must  remember  that  it  is  possible  to  produce 
by  faradization  very  energetic  contractions,  without  causing  any 
severe  pain,  if  only  the  intermissions  are  sufficiently  far  apart  (one 
or  two  in  a  second,  for  example).  Practised  thus,  with  slow  inter- 
missions, the  faradization  exposes  the  patient  to  no  danger,  and 
may  on  the  contrary  olten  be  of  great  utility. 

Rapid  muscular  faradization  is  only  required  when  the  muscles 
have  in  various  degrees  lost  their  sensibility,  or  when  their  nutrition 
is  endangered.  But  their  sensibility  is  rarely  affected  in  cases  of 
cerebral  paralysis ;  and,  as  regards  their  nutrition,  I  shall  show 
hereafter  that  the  muscular  fibre  remains  intact  in  such  cases. 
We  cannot  consider  as  a  lesion  of  nutrition  the  wasting  that  some- 
times occurs,  and  that  is  due  solely  to  prolonged  inaction. 

(h).  Even  when  the  state  of  the  nervous  centres  in  no  way  centra- 
indicates  the  use  of  rapid  intermissions,  it  is  never  a  matter  of 
indifference  whether  faradization  is  practised  with  or  without  pain. 
There  are  patients  who,  either  from  want  of  coui-age,  or  from 
nervous  excitability,  cannot  bear  pain.  Such,  for  example,  are. 
women  and  children. 

If,  on  the  one  hand,  the  power  of  currents  of  rapid  intermission 
to  increase  the  tonic  force  of  muscles,  and  frequently  to  occasion 
their  contraction,  is  sometimes  useful  in  therapeutics ;  yet,  on  the 
other  hand,  it  may  occasion  great  mischief.  I  shall  show  by 
examples,  that  when  applied  to  the  face  it  has  produced,  in 
some  instances,  contractions  that  have  occasioned  permanent 
deformity. 

(c).  Lastly,  there  are  a  great  number  of  instances  in  which  we 
desire  only  tlie  application  of  a  vciy  small  number  of  isolated 
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intermissions ;  as  when  we  endeavour  to  excite  the  membrana 
tympani,  in  the  treatment  of  deafness. 

To  sum  up,  such  considerations  show  abundantly  that  faradiza- 
tion by  rapid  intermissions  has  numerous  useful  applications  in 
physiology  and  therapeutics ;  but  that  in  certain  cases,  when 
applied  to  the  excitation  of  muscles,  it  is  attended  by  dangers 
arising  from  the  accidents  or  the  deformities  which  it  may  occasion, 
and  that  then  it  may  be  advantageously  replaced  by  currents  of 
slow  intermission, 

§  in. — In  a  great  mimher  of  cases  the  apparatus  used  for  faradiza- 
tion cannot  he  too  powerful. 

What  should  we  understand  by  the  power  of  an  induction 
apparatus  ?  and  how  should  this  power  be  measured  ? 

An  apparatus  is  powerful  when  it  acts  with  energy  upon  the 
muscular  contractility,  upon  the  sensibility  of  the  skin,  of  the 
muscles,  of  other  subcutaneous  organs,  and  of  the  retina;  and 
when  it  is  able  to  traverse  a  considerable  thickness  of  tissue,  so 
that  its  recompositions  may  occur  in  deeply  seated  organs. 

We  are  now  aware,  from  the  facts  and  considerations  already 
set  forth  (Art.  III.,  Chap.  I.)  that  the  different  actions  of  induction 
currents  that  are  applicable  in  practice  are  only  found  combined 
in  an  apparatus  of  double  induction,  the  coils  of  which  are  con- 
structed in  certain  proportions,  and  that  the  energy  of  these 
different  actions,  specially  exerted,  some  by  the  first  coil  (the 
extra  current),  the  others  by  the  second  coil  (the  induced  current), 
are  in  direct  ratio  to  the  length  of  the  wires.  It  therefore  follows 
that  the  power  of  an  induction  apparatus  is  necessarily  propor- 
tionate to  its  size  and  weight.  Unfortunately  we  have  as  yet 
discovered  no  means  of  producing  a  powerful  induction  by  means 
of  a  short  length  of  copper  wire. 

We  may,  however,  be  deceived  by  appearances  if  we  judge  of 
the  power  of  an  apparatus  by  its  size  and  weight  alone,  and  without 
actually  testing  it.  And,  for  the  latter  purpose,  the  time  has 
passed  by  at  which  it  was  sufficient  to  take  a  rheophore  in  each 
liand.  It  is  necessary,  if  we  wish  to  know  the  exact  degree  of 
power  exerted  upon  this  or  that  function,  to  direct  and  limit  one 
or  the  other  current  of  the  apparatus  upon  its  organ,  and  to 
proceed  with  such  experiments  in  the  manner  that  I  have  already 
laid  down, 

I  now  proceed  to  prove,  by  a  few  examples,  the  truth  of  the 
statement  which  forms  the  heading  to  this  Section,  that  in  certain 
eases  the  induction  apparatus  cannot  be  too  powerful. 
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I  have  shown  in  the  second  chapter  tliat  when  electric  excitation 
is  localized  in  organs  or  tissues  situated  beneatli  the  skin,  the 
recomposition  of  the  current  occurs  at  a  greater  depth,  the  greater 
tlie  degree  of  its  tension.  It  follows  that  a  current,  the  tension 
of  which  is  too  feeble,  will  not  penetrate  to  the  muscles  if  the 
subcutaneous  areolar  tissue  ojDposes  to  it  too  great  a  thickness, 
either  from  the  deposition  of  fat  or  from  serous  infiltration.  In- 
deed, the  instances  in  which  the  th'ckness  of  the  areolar  tissue 
opposes  a  great  i-esistance  to  electric  currents  are  not  rare,  espe- 
cially in  the  lower  limbs.  It  has  even  happened  to  me  that  the 
tension  of  my  most  powerful  faradic  apparatus  has  been  insufficient 
to  overcome  this  resistance,  and  that  I  have  been  compelled  to 
call  to  my  aid  the  more  penetrating  tension  of  a  Leyden  jar.  It 
is  on  account  of  such  cases  that  a  faradic  apparatus  cannot  be  too 
powerful.  It  must  be  remembered  that,  whatever  be  the  degree 
of  tension,  the  apparatus  may  always  be  used  without  too  much 
pain,  if  only  care  be  taken  that  the  intermissions  are  sufficiently 
distant. 

There  are  also  pathological  conditions  against  which  the 
apparatus  cannot  be  too  powerful.  Among  the  forms  of  paralysis 
caused  by  injury  to  the  nerves  there  are  some  which  deprive  the 
muscles  of  all  their  properties,  so  that  they  have  completely  lost 
both  contractility  and  sensibility.  The  skin,  and  even  the  bones, 
are  equally  rendered  insensitive,  and  the  paralysed  limb  becomes 
shrivelled  and  as  if  death-stricken.  In  such  cases,  of  Avhich  I  have 
seen  many,  and  which  I  have  made  the  subjects  of  special  investi- 
gation, it  has  been  necessary  to  have  recourse  to  an  apparatus  of 
enormous  intensity,  and  I  have  even  had  to  regret  the  want  of  one 
still  more  powerful.  It  was  only  after  I  had  recalled  some  life  to 
the  limbs  that  I  was  able  to  diminish  the  intensity  of  the  current, 
and  that  an  apparatus  of  medium  power  became  sufficient.  Other 
muscular  affections  also,  of  a  different  kind,  of  which  there  will  be 
due  notice  in  the  course  of  the  volume,  require  the  use  of  very 
powerful  instruments. 

Hysterical  ana3sthesia  of  the  skin  may  be  cured,  in  general, 
with  an  apparatus  of  ordinary  power,  provided  that  the  inter- 
missions are  extremely  rapid.  But  I  have  met  with  a  certain 
number  of  such  instances,  and  also  with  cases  of  cutaneous  anaes- 
thesia of  a  different  kind,  which  have  resisted  currents  of  medium 
intensity,  and  have  only  yielded  to  an  apparatus  which  acted  in 
the  most  energetic  way  upon  the  sensibility  of  the  skin. 
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§  IV. — Every  apparatus  for  faradization  should  possess  a  means  of 
gradxuding  the  dose  of  electricity  exactly,  and  proportionately  to 
the  degree  of  excitability  of  the  organs;  a  degree  tvhich  tuill 
vary  ivith  the  state  of  health  avid  with  the  nature  of  the  disease. 

The  considerations  already  set  fortli  in  the  second  chapter,  witli 
regard  to  the  special  excitability  of  different  organs,  of  the  muscles, 
of  the  nerves,  and  of  different  regions  of  the  skin, — an  excitability 
varying  with  the  state  of  health,  and  with  the  nature  of  the  disease, 
— these  considerations  should  suffice  to  show  the  importance  and 
the  correctness  of  the  proposition  that  is  formulated  above. 

How,  indeed,  would  it  be  possible  to  limit  the  electric  force 
to  any  given  organ,  unless  the  apparatus  were  so  constructed  as  to 
allow  us  to  apportion  its  proper  dose  to  each  ?  I  will  make  this 
more  clear  by  examples.  In  the  normal  condition,  the  cervix 
uteri,  the  bladder,  and  the  rectum,  are  but  little  sensitive,  while, 
on  the  other  hand,  the  weakest  currents  act  energetically  upon 
the  sensibility  of  the  muscles  of  the  face.  Between  these  extremes 
there  exist  intermediate  degrees  proper  to  other  organs.  To  be 
convinced  of  this,  we  need  only  compare  the  differences  of  sensi- 
bility and  contractility  which  exist  between  the  muscles  of  the 
face  themselves,  although  the  least  excitable  of  these  muscles  is 
infinitely  more  sensitive  than  those  of  other  regions.  We  shall 
find  that  each  facial  muscle  is  endowed  with  a  special  degree  of 
excitability,  which  requires  an  electric  dose  that  cannot  be  exceeded, 
if  we  wish  to  obtain  only  partial  contractions,  without  the  pro- 
duction of  too  acute  pain.  (I  need  not  recur  to  this  subject,  after 
what  I  have  already  said  in  the  second  chapter  upon  the  degrees 
of  individual  excitability  of  the  muscles  of  the  face.)  We  shall 
understand  the  absolute  necessity  of  giving  to  induction  instru- 
ments a  means  of  exact  graduation,  upon  a  sufficiently  extended 
scale,  if  we  bear  in  mind  that  the  degree  of  excitability  varies  in 
each  of  the  regions,  and  even  in  each  of  the  points,  of  the  face. 
Besides  the  differences  in  the  excitability  of  organs,  we  must 
consider  also  the  differences  which  exist  in  the  anatomical  state  of 
the  tissues  on  which  we  act  (the  greater  or  less  thickness  of  the 
skin,  of  the  areolar  adipose  layer,  and  of  the  aponeuroses  to  be 
traversed,  and  of  the  muscular  layer  in  which  it  is  desired  to 
localize  the  excitation), — an  anatomical  state  that  must  be  known 
in  order  to  produce,  with  any  certainty,  the  electric  recomposition 
at  any  stated  depth. 

But  the  graduation  will  not  be  exact,  unless  there  be  an 
arithmetical  proportion  between  the  divisions  of  the  graduator  and 
the  progressive  force  of  the  apparatus. 
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The  graduation  should  be  made  upon  a  scale  sufficiently  extensive 
to  measure  every  degree  of  intensity  of  the  current,  in  proportion  to 
the  degree  of  excitability  of  every  organ. 

It  is,  therefore,  necessary  that  a  faradic  apparatus  should  admit 
of  being  rendered  very  powerful  or  very  feeble,  according  to  the 
indications  to  be  fulfilled,  and  by  the  aid  of  an  independent  system 
of  graduation,  calculated  exactly  to  measure  and  to  distribute 
either  powerful  or  feeble  currents. 

Lastly,  it  is  necessary,  in  a  volta-electric  apparatus,  that  the 
initial  force  of  the  battery  should  always  act  with  the  same  degree 
of  intensity,  or,  at  least,  that  its  intensity  should  be  known  to  the 
operator.  But  the  battery  which  works  a  volta-faradic  apparatus 
will  be  more  or  less  constant,  accordingly  as  its  acids  are  more  or 
less  concentrated,  accordingly  as  it  polarises  or  exhausts  itself 
more  or  less  quickly,  or  accordingly  as  it  becomes  more  or  less 
choked  by  imperfectly  conducting  crystallized  salts.  We  may  see 
that,  with  such  variations  in  the  initial  force,  the  measurement  of 
the  electric  doses  becomes  illusory,  and  that  hence  it  is  impossible 
exactly  to  formulate  the  doses  of  electricity  which  may  properly 
be  administered  to  every  organ. 

Such  are  the  principal  properties  which  should  be  found  united 
in  every  faradic  apparatus  intended  for  electro-physiological  or 
pathological  study,  or  for  therapeutical  employment.  There  are 
yet  others  which  it  is  very  important  to  obtain.  Thus,  the  instru- 
ments should  be  portable,  easy  of  management,  and  moderate  in 
price.  But,  as  these  conditions  involve  no  scientific  question,  I 
have  not  thought  it  desirable  to  discuss  them  in  this  place,  and 
shall  return  to  them  hereafter.  Although  secondary,  they  have 
very  great  bearing  upon  the  practice  of  medical  electricity. 

In  the  first  edition  I  added  to  the  account  of  the  different  proper- 
ties of  the  several  currents  of  the  induction  apparatus,  a  critical 
examination  of  the  instruments  then  in  use  in  medical  practice ; 
and  showed  that  they  did  not  combine  the  whole  of  the  conditions 
necessary  for  localized  faradization,  or  for  the  application  of  this 
kind  of  electricity  to  my  electro-physiological  researches;  and 
that  they  did  not  fulfil  the  requirements  of  electro-therapeutics. 

This  critical  examination  has  borne  its  fruits.  In  fact,  the 
utility  of  the  employment  of  localized  faradization  in  the  study 
of  muscular  physiology  and  pathology,  and  the  general  dififusion  of 
electric  treatment,  have  produced  great  activity  in  the  commercial 
manufacture  of  induction  instruments.  Hence  it  has  followed,  that 
physicists  and  manufacturers— the  former  to  aid  in  the  growth  of 
knowledge,  the  latter  to  obtain  the  patronage  of  physicians— have 
alike  striven  to  improve  the  instruments  and  to  bring  them  to 
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perfection.  The  number  of  induction  instruments  produced,  and 
variously  improved  or  modified,  has  so  increased,  both  in  France 
and  in  other  countries,  that  to  describe  them  would  require  me  to 
enter  into  details  which  would  carry  me  far  beyond  the  limits  I 
have  set  to  my  task.  The  laudable  efforts  referred  to  have  pro- 
duced some  highly  ingenious  forms  of  apparatus.  Unfortunately, 
the  inventors  have  chiefly  sought  to  diminish  size  and  price,  and 
have  not  always  been  sufficiently  impressed  with,  the  importance 
of  the  most  recent  requirements  of  science  and  of  therapeutics; 
requirements  arising  from  the  method  of  localized  faradization, 
and  from  the  discovery  of  the  several  properties  of  the  currents  of 
the  different  coils. 

The  critical  observations  that  I  made  upon  the  instruments  in 
general,  were  founded  upon  long  experience  of  those  which  then 
were  chiefly  used.  It  seemed  to  me  that  the  very  severity  of  my 
criticism  imposed  upon  me  a  new  duty, — that  of  endeavouring  to 
produce  instruments  that  should  be  better.  For  this  reason,  I 
devoted  myself  with  ardour  to  a  new  order  of  researches,  in  little 
harmony  with  my  habits,  and  which  would  even  have  been  very 
ii'ksome,  if  I  had  not  possessed  some  aptitude  and  taste  for 
mechanics,  and  if  I  had  not  kept  constantly  before  my  mind  the 
realization  of  a  single  idea, — the  localization  of  the  electric  force  in 
organs,  and  its  application  to  medical  science. 

I  therefore  set  myself  to  frequent  workshops,  in  which  I 
acquired  many  of  the  secrets  of  manufacture ;  and,  after  several 
trials,  I  was  able  to  produce  instruments  made  by  my  own  hands, 
although  I  had  previously  never  used  a  file  or  a  hammer.  From 
these  models  I  have  drawn  the  designs  for  the  volta-faradic  and 
magneto-faradic  instruments  which  have  been  skilfully  manu- 
factured by  MM.  Charriere  and  Deleuil.  Since  then,  they  have 
undergone  new  and  important  modifications,  all  of  which  will  be 
described  in  the  next  part  of  this  chapter ;  while,  in  a  subsequent 
part,  I  shall  pass  in  review  the  instruments  that  are  chiefly 
employed,  and  subject  them  to  critical  examination. 

Pabt  the  Second. 

the  author's  large  double-cuekent  volta-f arabic 

apparatus. 

My  double-current  volta-faradic  apparatus  was,  in  its  original  form, 
somewhat  complicated  ;  and  it  underwent  the  fate  of  every  new 
mechanical  contrivance.  The  mimber  of  its  connections  rendered 
a  description  difficult  to  understand,  and,  although  the  method  of 
setting  it  in  action  was  very  simple,  occasioned  frequent  derange- 
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ments.  The  use  of  tliis  primitive  instrument  having  shown  me  all 
its  faults,  I  was  led  to  make  successive  important  modifications, 
which  have  produced  perfect  simplicity  of  construction,  and  have 
consequently  diminished  the  frequency  of  accidents  capable  of 
arresting  the  course  or  diminishing  the  power  of  the  current. 

Moreover,  the  modified  instrument  presents  a  more  perfect 
system  of  graduation,  and  more  varied  methods  of  producing  more 
or  less  rapid  intermissions. 

In  order  better  to  explain  the  importance  of  the  alterations,  I 
have  represented  the  original  instrument  in  fig.  51 ;  and  the 


Fig.  51. — Large  double-curreut  volta-faradio  instrumeut.   Duchenne's  original  modeL 


perfected  instruments  in  figs.  52  and  55.  In  the  former,  the  coils 
are  concealed  by  a  covering ;  in  the  latter,  they  are  exposed  to 
view. 

§  I. — Description. 
A. — Large  volta-faradio  appa^-atus  closed  (latest  model.) 

The  first  model  of  the  volta-faradic  apparatus  (fig.  51)  *  was 
composed — 1,  of  a  flat  battery,  0 ;  2,  of  two  superposed  coils ;  3, 
of  a  graduator  formed  by  the  external  movable  coil,  which  could 
be  moved  upon  the  internal  coil  by  means  of  the  stem  K ;  4,  of  a 
magnetic  rheometer,  Y ;  5,  of  a  toothed  wheel,  D,  fixed  to  a  little 
plate  shut  within  the  drawer  U,  and  which,  when  required  for  use, 
could  be  lifted  up,  as  in  fig.  51 ;  6,  of  a  trembler,  A. 

The  last  model  (figs.  52  and  55),^  differs  from  the  foregoing,  1,  by 


'  This  apparatus  was  presented  to  the 
Academy  of  Sciences  of  France,  in  18-18, 
by  M.  Despretz. 


"  This  modified  ajiiwratus  was  pre- 
sented to  the  Academy  of  Medicine  of 
Paris  in  1850. 
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Fig.  52. 


the  suppression  of  the  toothed  wheel  D,  fig.  51,  which  is  replaced 
by  a  pedal  rheotome  Y,  fig.  52,  the  mechanism  of  which  will  be 
explained  hereafter,  and  which  has  rendered  it  possible  to  dispense 
with  the  numerous  connections  of  the  first  instrument,  and  much 
to  simplify  the  construction ;  2,  by  a  graduation,  acting  by  means 
of  a  tube  cjf  copper,  B,  which  covers  more  or  less  of  the  two  coils 
wliich  afford  the  double  induction ;  3,  by  the  use  of  a  tube,  F, 
containing  water,  and  called  the  moderator,  which,  in  combination 
with  the  graduator  tubes,  renders  it  possible  to  measure  the  smallest 
doses  of  electricity,  as  well  as  those  that  are  larger;  4,  by  the  use  of 
a  commutator  of  the  coils,  E  (fig.  55),  the  use  of  which  will  be  ex- 
plained ;  5,  and  last,  by  a  considerable  modification  of  the  battery. 

I  proceed  to  the  description  of  the  apparatus  as  modified  by 
these  changes,  and  with  reference  to  figures  52,  53,  54,  55,  and  56, 
for  illustrations  of  the  several  parts. 


Fig.  D3. 


Fig.  64. 
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The  apparatus  is  set  in  action  by  a  battery  composed  of  three 
pairs  of  elements.  These  are  enclosed  within  tlie  drawers,  U  and 
TJ'  (fig.  52).  There  are  two  pairs  in  the  upper  drawer,  and  one  in 
the  lower  (fig.  54.) 

Each  pair  is  composed  of  a  carbon  plate,  C  C  (fig.  53),  fixed  to  a 
cell  of  hard  caoutchouc,  and  of  a  zinc  plate,  ZZ',  of  the  same 
surface  as  the  carbon,  and  separated  from  it  by  a  cloth  dia- 
phragm. 

The  platinum  wires  which  form  the  carbon  contacts  are  arranged 
as  in  the  small  instrument  (p.  267),  while  the  zinc  contacts  differ 
in  each  of  the  pairs: — 1,  in  the  lower  drawer,  U  (fig.  52), a  strip  of 
iron,  h  (fig.  54),  rivetted  and  soldered  to  the  zinc  Z,  is  bent 
upwards  at  a  right  angle  at  its  anterior  extremity,  in  such  a  way 
that,  when  the  drawer  is  closed,  the  iron  comes  in  contact  with 
a  small  plate  of  platinum  fixed  in  the  front  of  the  apparatus  on  a 
level  with  the  knob  L ;  2,  in  the  further  compartment  of  the  upper 
drawer,  the  zinc  Z  (fig.  53)  is  also  prolonged  by  a  strip  of  iron,  h. 
This  strip  is  also  bent  upwards  at  a  right  angle  at  its  anterior 
extremity,  and,  when  the  drawer  is  closed,  can  be  brought  in 
contact  with  another  small  plate  of  platinum  fixed  in  the  front  of 
the  apparatus  on  a  level  with  the  knob  Gr ;  3,  lastly,  the  zinc  Z' 
(fig.  53),  of  the  pair  in  the  front  compartment  of  the  upper  drawer, 
rests  on  a  platinum  wire  which  winds  over  the  posterior  wall  of  the 
cell,  and  comes  in  contact  with  a  double  spring,  a,  fixed  to  the 
partition  of  the  drawei",  which  spring,  in  the  farther  compartment, 
rests  by  a  platinized  surface  upon  the  carbon  C.  The  left-side 
drawer  is  absent  in  the  figure,  in  order  to  display  the  arrangement 
of  the  parts  forming  the  two  pairs. 

2.  The  two  superposed  coils  forming  the  system  of  induction  are 
composed  of  two  copper  wires,  difi'ering  in  diameter  and  in  length, 
and  covered  with  silk. 

The  thicker  and  shorter  of  the  two  wires  (half  a  millimetre  in 
diameter,  and  200  metres  in  length)  is  rolled  around  a  bundle  of 
soft  iron  wire,  so  as  to  form  a  coil.  The  extremities  of  this  copper 
wire,  which  produces  the  current  of  the  first  coil  (the  extra- 
current  of  authors),  terminate  upon  two  small  plates  of  platinum, 
fixed  to  the  apparatus  at  the  level  of  the  knobs  E,  L  (fig.  52), 
which  are  the  positive  and  negative  poles  of  the  battery  enclosed 
in  the  drawers  U  and  XT'. 

The  finer  and  lono-er  wire  (one  tenth  of  a  millimetre  in  diameter, 
and  1000  metres  in  length)  is  rolled  around  the  one  precedmg.  It 
gives  origin  to  the  current  of  the  second  coil  (current  of  the  first 
order,  of  authors) ;  its  extremities  terminate  at  the  two  springs  of 
the  commutator  of  the  coils. 
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3.  The  commutator  E,  represented  in  fig.  55,  but  not  shown  in 
fig.  52,  is  intended  to  transmit,  rapidly  and  alternately,  the  current 
either  of  the  first  or  of  the  second  coil  to  the  conductors  attached 
to  the  knobs  P  and  Q.  It  is  unnecessary  to  describe  it  here ;  and 
it  is  enough  to  say  that,  by  turning  the  needle  F  (fig.  55)  to  the 
right  or  the  left,  it  conducts  one  or  the  other  current  to  the  rheo- 
phores ;  as,  indeed,  is  shown  upon  a  plate  situated  above  the 
needle. 

4.  The  graduator  B  (fig.  52)  is  a  cylinder  of  copper,  which 
suiTOunds  the  coils,  and  which  has  a  scale  marked  upon  its  upper 
part.  The  knob  B',  fixed  to  its  extremity,  is  a  handle  by  which  it 
can  be  drawn  out  or  pushed  back. 

5.  The  moderator  is  a  glass  tube,  F  (fig.  52),  terminating  below 
in  a  metallic  basis  to  which  is  attached  a  knob,  I,  and  above,  in  a 
collar,  K,  from  which  proceeds  a  hook,  which  serves  to  connect  the 
moderator  with  one  of  the  knobs,  P,  which  receive  the  conductors 
to  the  rheophores,  and  in  which  tlie  ]Doles  of  the  coils  terminate. 
In  the  collar  is  a  small  opening,  traversed  by  the  stem  of  the 
moderator  J.    The  tube  is  filled  with  water. 

6.  The  trembler  is  composed  of  a  piece  of  soft  iron,  A  (fig.  52), 
and  of  a  platinized  screw,  S,  against  which  the  soft  iron  is  pressed 
by  a  small  spring. 

The  pedal  Y  (fig.  52),  which  replaces  the  toothed  wheel,  D  (fig. 
51),  is  to  allow  slow  intermissions  to  be  produced  with  the  foot ; 
n  arrangement  which  leaves  the  hands  of  the  operator  free,  either 
to  hold  the  rheophores  or  to  graduate  the  currents. 

8.  The  magnetic  rheometer  measures  the  intensity  of  the  initial 
burrent.    It  is  a  compass  divided  into  four  parts,  of  which  each  is 
ubdivided  into  ninety  degrees.    The  rheometer  no  longer  forms 
art  of  the  apparatus. 

B. — Large  mioovered  volta-faradic  apparatus. 

I  have  represented  in  fig.  55  an  instrument  which  has  its  coils 
exposed.  It  differs  from  the  common  form  (fig.  52)  in  the  manner 
following : — 1.  It  has  no  external  covering,  so  that  we  may  see  the 
arrangement  of  the  coil  A,  and  the  movement  of  the  cylinder  B 
over  it.  2.  It  possesses  two  graduator  tubes ;  one,  B,  which  acts 
upon  the  second  coil;  and  another,  C,  which  disables  the  primary 
coil.  3.  Its  core  of  soft  iron,  D,  is  movable,  and  may  be  with- 
drawn (fig.  56),  so  that  we  may  study  the  influences  of  the  tubes 
B  and  C,  independently  of  temporary  magnetization.  4.  Besides 
the  commutator  of  the  coils,  E,  it  possesses  a  commutator  of  the 
poles,  H,  forming  part  of  its  structure,  and  by  which  the  direction 
of  the  currents  may  be  rapidly  changed  without  displacing  the 
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I'  lg.  55. 


FiB  56. 


Fig.  55. — Large  uncovered  volta-faradic  apparatus.  Fig.  56. — Bundle  of  soft  iron  wire. 

rlieophores.  This  coramutator  has  also  other  advantages,  which  it 
is  unnecessary  here  to  describe.  5.  The  trembler  (fig.  57)  is  so 
constructed  that  the  rapidity  of  the  intermissions  can  be  pro- 
gressively increased,  from  four  or  eight  in  the  second,  to  an  almost 
incalculable  number  in  the  same  period  of  time. 

The  battery  is  independent  of  the  coil,  and  can  be  fixed  to  the 
latter  by  the  hooks  M  M  (fig.  55).  It  is  formed  as  already  de- 
scribed, but  of  four  elements  instead  of  three.  The  coil,  like  the 
former  one,  can  be  worked  by  any  battery  whatever.' 

§  II. — Manner  of  setting  the  aj^paratus  in  action. 

1.  Since  1861,  as  I  have  already  stated,  I  have  entirely  aban- 
doned the  use  of  sulphuric  acid  for  my  flat  batteries ;  and  have 
used  only  the  bisulphate  of  mercury.  In  order  to  charge  the 
battery,  water  must  be  poured  over  the  carbon  until  it  is  well 
saturated ;  we  then  spread  over  its  surface  the  bisulphate  of  mer- 
cury, in  sufficient  quantity  to  form  a  layer  about  half  a  millimetre 
in  thickness,  and  we  moisten  this  with  a  little  water.  We  next 
place  upon  the  bisulphate  the  cloth  diaphragm,  first  wetted  with 
water,  and  over  this  the  plate  of  amalgamated  zinc,  which  then 
comes  in  contact  witli  the  platinum  wires.    Thus  prepared,  the 


'  Tlic  largo  uncovered  apparatus  at  my 
own  house  is  worked  by  a  sulphate  of  lead 
battery  of  twenty  pairs.    So  powerful  n 


source  of  electricity  is  not  necessary ;  l>«t 
this  battery  also  maintains  in  action  my 
electric  clocks  and  chamber  telegraph. 
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elements  are  placed  in  the  compartments  for  which  they  are  des- 
tined ;  and  which  are  distinguished  by  numbers  marked  on  the 
sides  of  the  caoutchouc  cells  (see  figs.  53  and  54).  Lastly,  the 
drawers  must  be  shut  (U  TJ',  fig.  52)  and  the  button  A'  turned  in 
such  a  manner  that  its  bar  assumes  a  vertical  direction  and  pre- 
vents them  from  opening.  The  communications  of  the  elements 
of  the  battery  with  each  other,  and  with  the  circuit  of  the  primary 
coil,  are  then  established  in  the  following  manner. 

The  zinc  of  the  pair  of  elements  in  the  lower  drawer,  which  is 
the  negative  pole  of  the  battery,  corresponds  to  the  knob  L  (fig. 
52),  and  the  platinum  contact  of  the  carbon  of  this  pair  communi- 
cates with  the  spring  of  the  piece  of  copper  by  which  it  is  screwed 
to  the  knob  N.  But,  as  the  knobs  N  and  G  are  opposite  the  two 
small  platinized  plates  that  are  seen  on  the  right  side  of  the  front 
of  the  apparatus  above  the  drawers  U  U',  and  as  these  two  plates 
are  connected  by  a  copper  wire,  if  we  turn  the  knobs  N  and  Gr 
from  left  to  right  into  contact  with  the  plates,  they  connect  the 
carbon  of  the  pair  in  the  lower  drawer  with  the  zinc  Z  (fig.  53)  of 
the  farther  pair  of  the  upper  drawer.  Lastly,  the  carbon  of  the 
latter  pair  being  placed,  as  I  have  said  already,  in  coihmunication 
with  the  zinc  Z'  of  the  front  pair,  by  means  of  the  double  spring  a, 
and  the  platinum  wire  of  the  carbon  of  this  last  pair  being  in 
contact,  through  a  spring,  with  the  knob  E,  this  becomes  the  posi- 
tive pole  of  the  battery.  The  small  plates  of  platinum,  which  are 
fixed  to  the  front  of  the  apparatus  on  the  left,  receive  the  ex- 
tremities of  the  wire  of  the  primary  coil ;  so  that,  by  turning 
the  knobs  E  and  L,  which  are  the  poles  of  the  battery,  from  left 
to  right  into  contact,  the  current  of  the  battery  passes  through  the 
wire  of  the  primary  coil. 

It  therefore  suffices  to  place  in  their  respective  compartments 
the  three  pairs  of  elements,  charged  with  bisulphate  of  mercury 
as  described,  to  shut  the  drawers  U  and  U'  (fig.  52),  to  turn  the 
knob  L'  from  left  to  right  (for  a  reason  that  will  be  declared  here- 
after), and  lastly,  to  turn  into  contact  the  knobs  E,  G,  L,  N,  in 
order  that  the  battery  current  may  pass  through  the  wire  of 
the  primary  coil,  or,  in  other  words,  that  the  cii-cuit  formed  by  the 
battery  and  the  primary  coil  may  be  completed. 

The  apparatus  may  be  worked  with  only  the  two  elements  of 
the  upper  drawer  TJ'  (fig.  52) ;  when  it  will  still  possess  very  con- 
siderable power,  and  will  fulfil  the  ordinary  requirements  of  practice. 
We  must  then  take  care  to  turn  the  knob  L'  (fig.  52)  from  left  to 
right  into  contact,  in  order  to  suppress  the  elements  of  the  lower 
drawer  U,  which  may  be  used  as  a  place  for  the  rheophores  and 
the  conductors.    It  is  unnecessary  to  say  that  when  we  wish  to 
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use  tlie  three  elements  of  tlie  battery,  for  cases  in  which  great 
power  is  required,  the  knob  L'  should  be  turned  back  in  the  con- 
trary direction. 

2.  If  it  be  desired  to  obtain  rapid  intermissions  of  the  trembler 
A  (fig.  52),  we  turn  from  right  to  left  the  knob  C  which  fixes  the 
movable  plate,  and  then  turn  from  left  to  right  the  buttons  E,  G, 
L,  N,  so  as  to  bring  them  into  contact  with  the  pieces  of  platinum 
to  which  they  correspond.  When  this  is  done,  the  plate  oscillates 
rapidly  between  the  screw  S  and  the  temporary  magnet  of  the 
central  coil. 

If  intermittences  more  or  less  separated  from  one  another  ar  - 
desired,  the  arrangement  is  made  as  before,  except  that  the  button 
C  is  turned  from  left  to  right,  so  as  to  render  the  plate  A  of  the 
trembler  immovable,  and  the  button  L  from  left  to  right,  so  as  to 
separate  it  from  its  platinum  connection.  "We  then  connect  with 
this  button  one  of  the  conductors  fixed  to  one  of  the  knobs,  1,  of 
the  pedal  rheotome  Y,  and  the  other  conductor,  from  the  knob  1' 
of  the  rheotome,  is  attached  to  the  button  L'.  It  is  then  only 
necessary  to  govern  with  the  foot  the  spring  contact  2  of  the 
pedal  rheotome,  in  order  to  make  and  break  contact  at  pleasure. 
It  is,  therefore,  perfectly  easy  to  obtain  intermissions  separated  by 
any  desired  interval. 

3.  When  the  graduator  B  is  entirely  contained  within  the  in- 
strument, the  currents  are  at  the  minimum  of  intensity;  and,  in 
order  to  increase  them,  it  is  only  necessary  to  draw  out  this  tube, 
either  by  millimetres  or  by  centimetres. 

4.  The  apparatus  being  in  action,  the  conductors  must  be  fixed 
to  the  knobs  P  and  Q,  to  which,  according  to  the  indications  to  be 
fulfilled,  we  bring  the  current  of  either  the  primary  or  of  the 
secondary  coil,  by  turning  to  the  right  or  the  left  the  needle  of 
the  commutator.  To  the  free  extremities  of  the  conductors  are 
attached  the  rheophores,  cylinders,  metallic  brushes,  &c.  &c. 

.  5.  If  it  be  desired  to  faradize  very  excitable  organs,  or  to 
measure  infinitely  weak  doses,  the  upper  part,  K,  of  the  moderator 
F  must  be  connected  with  one  of  the  knobs  P  or  Q,  and  one 
of  the  rheophores  with  the  lower  part  of  the  moderator  I.  Then, 
the  more  we  draw  up  the  stem  J  of  the  moderator,  the  greater 
will  be  the  thickness  of  the  water  traversed  by  the  current,  and 
the  more  the  latter  will  be  weakened.  The  current  may  then  be 
divided  and  measured  by  the  tube  graduator  B. 

6.  In  the  intervals  between  faradizations,  we  interrupt  the  cur- 
rent by  turning  back  the  screw  E,  so  as  to  preserve  the  force  of 
the  pile.  At  the  same  time,  plates  of  hard  caoutchouc  must  be 
placed  between  the  cloth  and  the  zinc,  care  being  taken  to  wipe 
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the  latter,  if  the  apparatus  will  not  be  required  again  for  some 
houts.  It  will  be  observed,  after  being  wiped,  that  the  zinc  has 
become  amalgamated  by  the  action  of  the  battery  itself. 

A  battery  of  sulphate  of  mercury,  thus  charged,  will  last  for  two 
or  three  weeks,  and  may  be  used  for  several  hours  a  day,  without 
any  other  care  than  to  renew  the  moisture  of  the  cloth,  and  to 
move  a  little,  every  clay  before  use,  the  paste  of  mercury  upon  the 
carbon.  It  is  also  desirable  to  maintain  the  platinum  connections 
in  a  state  of  cleanliness. 

When  the  mercurial  paste  is  quite  decomposed  (its  colour,  ori- 
ginally yellow,  will  then  be  green)  the  carbon  and  the  cloth  must 
be  washed,  and  the  battery  charged  with  fresh  deuto-sulphate  as 
before.  If  the  battery  belonging  to  the  apparatus  has  undergone 
deterioration,  or  is  in  need  of  repair,  the  coil  may  be  put  in  action 
by  any  other  (either  a  Daniell's,  a  Bimsen's,  or  a  sulphate  of  lead). 
It  is  only  necessary  to  connect  the  poles  of  the  substituted  battery 
with  the  knobs  E'  and  L'  (fig.  52),  which  receive  the  terminations 
of  the  wire  of  the  primary  coil. 

§  III. —  Theory  of  the  author's  volta-faradic  apparatus. 

If  the  battery  be  inclosed  in  the  apparatus,  with  no  interruption 
either  by  the  pedal  or  the  trembler,  the  battery  current,  which  is 
transmitted  by  the  buttons,  L,  E  (fig.  52),  to  the  wire  of  the  central 
bobbin,  is  continuous,  and  occasions  none  of  the  phenomena  of 
induction,  although  it  magnetises  the  central  core  of  soft  iron. 

In  this  state  of  things,  if  we  set  at  liberty  the  plate  A  of  the 
trembler,  by  turning  back  the  screw  C,  that  plate  is  attracted  by 
the  magnet  of  the  bobbin.  At  the  same  instant,  the  current  being 
interrupted,  the  magnetization  ceases,  the  soft  iron  of  the  trembler 
is  driven  back  against  the  platinum  point  of  the  screw  S,  by  a 
spring,  and  restores  the  current,  which  produces  a  fresh  magnetiza- 
tion. These  temporary  magnetizations,  and  these  breaks  in  the 
current,  succeed  each  other  with  extreme  rapidity,  in .  the  covered 
(fig.  52)  apparatus ;  and  with  more  or  less  rapidity,  at  the  pleasure 
of  the  operator,  in  the  uncovered  apparatus  (fig.  55).  Although 
the  theory  of  the  trembler  is  well  known,  it  is  desirable  briefly  to 
state  it,  in  order  to  explain  the  mechanism  of  its  several  portions. 

At  the  moment  when  the  current  of  the  primary  coil  is  inter- 
rupted, we  may  observe  the  physical  and  physiological  phenomena 
that  are  produced  by  virtue  of  two  combined  forces  ;  namely,  the 
inductive  action  of  the  current  upon  itself,  by  the  mutual  influence 
of  its  coils,  and  by  the  reciprocal  influence  of  the  current  and  of 
the  magnetized  soft  iron  of  the  bobbin. 

If  the  extremities  of  the  fine  wire,  that  forms  the  outer  coil,  are 
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united  by  any  conducting  body,  a  current  will  be  produced  in  this 
outer  coil,  and  will  be  displayed,  at  each  interruption  to  the 
current  of  the  primary  coil,  by  the  physical  and  physiological 
effects  that  will  be  developed  in  bodies  placed  within  its  circuit. 

For  an  account  of  the  theory  of  the  graduation  by  the  metallic 
tube  B,  see  further,  §  IV.,  C. 

§  IV. — Exposition  of  the  principal  properties  of  my  large  double- 
current  volta-faradic  apparatus,  and  of  the  principles  which  have 
guided  me  in  its  construction. 

A.— The  Coils. 

The  two  coils  of  the  volta-electric  apparatus,  just  described, 
possess  the  maximum  of  their  differential  physiological  properties, 
by  virtue  of  the  proportions  of  length  and  thickness  that  I  have 
given  to  their  respective  wires — proportions  that  I  have  learnt  by 
experience  are  the  best  for  this  purpose. 

I  have  laid  down  that  the  power  of  the  coils  ought  to  be  very 
considerable  under  certain  circumstances,  and  experience,  or 
rather  the  requirements  of  therapeutics,  have  compelled  me  to 
increase  this  power  more  and  more.  For  this  reason,  the  length 
of  my  coils,  which  was  at  first  but  eight  centimetres,  has  now  been 
nearly  doubled,  and  the  length  of  their  wires  has  been  increased  in 
proportion  (to  1000  metres  for  the  fine,  and  200  metres  for  the 
coarse  wire).  It  would  be  easy  to  go  beyond  the  power  thus 
given,  but  I  have  not  at  present  seen  that  it  would  be  useful,  and 
it  would  perhaps  be  imprudent. 

Such  an  increase  of  strength  has  necessarily  increased  the  weight 
of  the  instrument  represented  in  figs,  52  and  55;  but  without 
rendering  its  bulk  more  considerable. 

B. — The  commutator  of  the  coils. 

In  my  original  instruments,  the  ends  of  the  wire  of  each 
coil  terminated  in  the  metallic  knobs  (two  below  for  the  primary 
coil,  and  two  above  for  the  secondary  coil)  to  which  the  conductors 
for  the  rheophores  were  affixed.  It  was  therefore  necessary  to 
change  the  attachment  of  these  conductors  every  time  that  it  was 
wished  to  change  the  coil.  Such  an  arrangement  rendered  certain 
experiments  difficult,  and  was  very  inconvenient  in  practice.  It  is 
much  more  easy  to  compare  the  differential  properties  of  the 
currents  of  the  two  coils  when  we  can  pass  rapidly  from  one  to 
the  other;  and  it  often  happens  that  it  is  desirable  to  employ  theiii, 
by  turns,  ibr  the  same  patient.  Nothing  is  more  tiresome  than  to 
have  to  change,  each  moment,  the  attachment  of  the  conductors, 
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and  to  do  so  wastes  a  considerable  amount  of  time.  Upon  such 
considerations  is  founded  tlie  usefulness  of  the  commutator  of  the 
coils. 

C. — Graduation  of  the  induced  currents. 

Although,  as  I  have  shown,  a  very  powerful  apparatus  is  neces- 
sary for  the  treatment  of  certain  diseases,  yet  such  an  apparatus 
would  be  unfitted  for  physiological  and  pathological  investigations, 
and  would  even  become  dangerous,  unless  we  were  able  to  appor- 
tion electricity  to  every  single  organ  in  accordance  with  the  degree 
of  excitability  that  it  may  possess. 

We  owe  to  Dr.  Eognetta  a  method  of  graduation  which  he 
applied  to  the  electro-dynamic  apparatus  of  MM.  Breton,  freres, 
and  which  permits  us  to  control  exactly  the  dose  of  electric  excita- 
tion. It  is  effected  by  pushing  in  or  drawing  out  the  central  coil 
within  the  external  one,  so  as  to  produce  induction  in  a  greater  or 
less  number  of  the  turns  of  the  latter.  I  had  adopted  this  method 
of  graduation  for  my  first  volta-electric  apparatus  (fig.  51),  pre- 
sented to  the  Academy  of  Sciences  in  1847,  with  the  single  differ- 
ence that  I  made  the  external  reel  movable,  while  the  internal  one 
was  fixed  to  receive  the  system  of  the  trembler.®  I  soon  discovered, 
however,  that  this  method  of  graduation  was  not  free  from  incon- 
veniences; for  the  movable  coil  necessitated  the  employment  of 
movable  connections,  which  were  frequently  out  of  order,  which 
complicated  the  manufacture  of  the  instrument,  and  either  dimin- 
ished, by  oxydation,  the  intensity  of  the  currents,  or  even  inter- 
cepted their  passage. 

A  fortunate  accident  led  me  to  discover  a  means  of  graduation 
much  more  simple,  and  which  I  applied  to  my  instruments  with- 
out delay,  instead  of  the  method  by  the  mutual  influence  of  the 
coils.  I  made  this  important  discovery  in  the  following  manner : — 

At  the  beginning  of  my  investigations,  I  had  covered  a  powerful 
coil  with  copper  in  order  to  protect  the  wire.  To  my  great  sur- 
prise, I  found  that  the  coil  had  lost  nearly  all  its  power.  I 
observed  also,  that,  in  removing  the  covering,  the  more  the  coil 
was  exposed  the  more  its  current  increased.  The  fact  was  a  ray 
of  light ;  for,  from  that  moment,  the  method  of  graduation  by  tlie 
metallic  tube  was  discovered.  I  found,  after  some  experiments, 
that  the  last  half  of  the  tube  measured  the  intensity  of  the  current 
as  exactly  as  the  first ;  and  that  the  current  increased  or  dimin- 
ished, as  the  tube  was  replaced  or  withdrawn,  in  exactly  arithme- 
tical proportion. 


'  M.  Dubois-Rcymond,  of  Berlin,  has  adopted  tlie  latter  sj'stcni  for  the  graduation 
of  his  induction  apparatus. 
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A  second  accident  led  me  to  the  discovery  that  a  slit  tube  lost 
its  influence  upon  the  current  of  the  coil  that  it  enclosed.  The 
metal  cap  of  the  little  instrument,  mentioned  above,  was  too  tight 
to  glide  easily  over  the  coil,  and  I  split  it  down  its  entii-e  length, 
I  found  that  it  no  longer  graduated  the  current.  1  paid  no  atten- 
tion to  this  phenomenon,  which  I  attributed  solely  to  the  vicinity 
of  the  metallic  plate ;  but  I  soldered  to  one  of  the  extremities  of 
the  tube  a  very  fine  copper  wire,  which  reunited  its  edges,  and  its 
properties  were  immediately  almost  entirely  restored. 

I  made  several  other  experiments,  from  which  I  found  that,  the 
greater  the  distance  between  the  coil  and  the  walls  of  the  tube, 
thus  mended  by  the  wire,  the  less  was  the  influence  of  the  latter. 
I  concluded  that,  in  order  to  obtain  a  maximum  of  diminution 
by  the  metallic  tube,  it  must  be  as  nearly  as  possible  in  contact 
with  the  coil. 

The  external  tube,  however,  did  not  completely  neutralise  the 
induced  currents ;  and,  indeed,  when  it  covered  the  coil  entirely, 
the  latter  still  possessed  a  very  notable  force,  such  that,  if  the 
instrument  was  one  of  great  power,  this  force  would  still  be  very 
considerable.  It  was  a  matter  of  necessity  to  graduate  this 
remaining  force,  on  which  the  external  cylinder  exerted  no 
action. 

It  then  occurred  to  me  to  try  the  effect  of  a  second  tube  of 
copper,  made  to  slide  in  the  interior  of  the  coil,  and  covering  or 
uncovering  the  bundle  of  soft  iron  wire.  The  excess  of  induction 
current  which  had  not  been  neutralised  by  the  external  tube  was 
considerably  diminished,  in  tbis  experiment,  by  the  influence  of 
the  internal  tube ;  and,  when  I  withdrew  the  latter  slowly,  I  felt 
the  power  of  the  current  increase  in  proportion.  To  discover  which 
of  the  two  tubes  exerted  the  greatest  neutralizing  influence,  I  used 
them  alternately,  and  compared  their  effects  upon  the  power  of  in- 
duction. I  found  that  the  inner  tube  diminished,  much  more  than 
the  outer  one,  the  physiological  powers  of  the  currents  of  both  the 
primary  and  the  secondary  coil.  It  might  have  been  expected  that 
when  the  inner  tube  was  once  completely  inserted,  the  outer  tube 
would  no  longer  influence  the  induced  current ;  but  this  was  not  so, 
for  I  found  that  the  considerable  power  possessed  by  the  current 
when  the  internal  tube  was  in  situ,  was  very  sensibly  diminished,  in 
proportion  as  the  external  tube  was  pushed  over  the  coil. 

In  all  these  experiments  I  had  not  observed  that  the  magnetiza- 
tion of  the  bundle  of  iron  wire  forming  the  core  of  the  coil  had 
been  diminished  in  proportion  to  the  diminution  of  the  physio- 
logical power  of  the  induced  currents.  Thus,  a  compass  being 
placed  at  a  given  distance  from  the  extremity  of  the  coil,  in  such 
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a  manner  that  tlie  axis  of  the  latter  was  perpendicular  to  the  mag- 
uetic  meridian,  the  needle  was  seen  to  make  a  considerable  devia- 
tion at  the  moment  when  the  core  became  magnetic  as  the  circuit 
was  closed.  It  underwent  no  further  movement,  not  even  the 
slightest  oscillation,  when  the  cylinders  were  pushed  home,  either 
together  or  alternately.  This  experiment  proved  that,  if  the 
magnetization  was  at  all  diminished  by  the  action  of  the  covering 
tubes,  the  diminution  was,  at  most,  extremely  slight.  Neither  could 
I  discover  any  diminution  of  magnetism  by  testing  the  power  of 
the  electro-magnet  to  carry  different  weights,  when  the  coil  was 
under  or.  exempt  from  the  influence  of  the  tubes.  It  was  only  by 
the  more  or  less  rapid  and  noisy  vibrations  of  the  trembler,  and  by 
the  diminished  brilliance  of  the  passing  spark,  that  I  could  deter- 
mine that  the  magnetization  of  the  central  iron  core  was  really 
diminished  by  the  tubes.  This  influence  is  extremely  small  on 
the  part  of  the  external  tube,  by  which  the  noise  of  the  trembler  is 
very  little  diminished,  even  when  the  coil  is  entirely  covered ;  but 
the  internal  tube,  on  the  contrary,  diminishes  the  magnetization 
sufficiently  to  impede  the  motion  of  the  trembler,  and  to  slacken 
the  rapidity  of  its  beats. 

Since  I  have  shown  that  the  copper  tubes,  placfed  within  or  with- 
out the  coil,  influence  so  feebly  the  magnetization  of  the  soft  iron 
at  its  centre,  it  follows  that  their  neutralizing  power  must  be 
exerted  directly  upon  the  induced  currents.  This  view,  in  fact,  is 
fully  confirmed  by  experience  ;  and  its  accuracy  may  easily  be 
shown  by  repeating  the  foregoing  experiments  with  a  coil  from 
which  the  central  core  has  been  withdrawn.  We  may  then  see 
that  the  tubes  act  upon  the  induced  currents  precisely  as  when  the 
core  is  in  its  place  ;  that  is  to  say,  they  neutralise  them  precisely 
in  proportion  as  they  are  pushed  onwards  into  or  over  the  coil.  It 
is  not  only  the  physiological  power  of  the  current  that  is  then 
diminished,  but  also  the  brilliancy  of  the  sparks  produced  by  the 
intermissions,  that  is,  by  the  calorific  action  of  the  current. 
Evidently  also,  in  this  instance,  the  tension  of  the  induced  current 
is  diminished,  as  may  be  shown  by  various  experiments,  and, 
amongst  others,  by  the  thickness  of  the  layer  of  water  through 
which  it  ^vill  pass,  and  of  which  it  will  overcome  more  or  less  of  the 
resistance,  according  to  the  position  of  the  tubes.  (It  is  unneces- 
sary to  say  that,  from  the  fact  of  the  absence  of  the  central  core, 
the  intensity  of  the  cuixents  to  be  graduated  by  the  tubes  is  much 
less  great.) 

Each  of  the  tubes  exerts  a  special  influence  upon  the  current 
to  which  it  is  nearest;  thus,  when  the  central  coil  is  deprived  of 
the  soft  iron  core,  the  action  of  the  inner  tube  is  very  powerful 
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upon  its  current,  but  is  scarcely  appreciable  upon  that  of  the 
second  coil.  The  outer  tube,  on  the  contrary,  acts  chiefly  on  the 
currents  of  the  second  coil.  This  experiment  affords  an  explana- 
tion of  the  difference  in  the  influence  exerted  by  the  two  tubes 
upon  the  rapidity  and  energy  of  the  beats  of  the  trembler.  We 
can  understand  that,  the  magnetization  of  the  iron  core  being 
produced  by  the  current  of  the  first  coil,  this  magnetization  must 
be  more  enfeebled  by  the  inner  tube,  which  acts  specially  upon  that 
current,  than  by  the  outer  tube,  of  which  the  influence  upon  tlie 
primary  current  is  almost  nil.  I  shall  hereafter  point  out  the  im- 
portance of  knowledge  of  this  phenomenon. 

The  apparatus  with  a  double  graduator  tube,  and  with  a  double 
movable  iron  core  (fig.  55)  will  serve  to  repeat  the  whole  of  these 
experiments. 

If  it  be  desired  to  study  the  influence  of  the  outer  tube  B  upon 
the  currents,  the  inner  tube  C  is  drawn  completely  out  from  the 
coil,  as  in  fig.  55.  The  outer  tube  is  similarly  drawn  off  when  it 
is  desired  to  experiment  only  with  the  inner  one. 

A  very  simple  mechanism  suffices  to  unite  the  two  tubes  so 
that  they  move  together,  and  cover  or  uncover  simultaneously 
the  internal  and  external  surfaces  of  the  coil.  It  follows  that  the 
induction  currents  are  then  more  completely  neutralised  than 
when  the  tubes  act  separately.  Lastly,  the  iron  core  itself  being 
movable,  it  is  easy  to  experiment  on  the  action  of  the  tubes 
alternately  or  simultaneously,  either  with  or  without  the  assistance 
of  the  magnetic  force. 

To  recapitulate :  1.  A  tube  of  copper,  sometimes  called  a  dia- 
phragm, placed  in  the  interior,  or  at  the  exterior,  of  a  reel,  formed 
of  a  primary  and  of  a  secondary  superposed  coil,  and  within  which 
there  is  no  core  of  soft  iron,  neutralises  the  currents  in  proportion 
as  it  covers  more  and  more  of  the  spirals,  and  oj)erates  as  a  closed 
conductor.  2.  The  external  tube  acts  specially  upon  the  current 
of  the  second  coil,  while  the  internal  tube  affects  principally  that 
of  the  primary  coil.  3.  The  tubes  diminish  in  the  same  degree 
the  intensity  of  the  currents  of  the  primary  and  secondary  coils, 
when  moving  together  in  the  same  direction,  as  when  acting  separ- 
ately. 4.  The  presence  of  a  core  of  soft  iron  within  the  reel  in  no 
way  modifies  the  power  of  the  tubes  to  neutralise  the  intensity  of 
the  currents ;  for  if,  on  the  one  hand,  the  magnetic  influence  of  the 
iron  upon  the  coils  augments  this  intensity,  on  the  other  they 
neutralise  it  proportionately,  and  as  well  as  when  the  iron  core  is 
absent.  5.  The  magnetization  of  the  iron  core  is  very  little 
diminished  when  the  tubes  cover  the  coils ;  from  which  we  may 
conclude  that  the  tubes  act  directly  upon  the  currents  of  the  coils, 


LARGE  DOUBLE-CURRENT  VOLTA-FARADIC  APPARATUS.  257 


as  is  also  proved  by  the  experiments  related  above,  and  that  it  is 
not  a  diminution  of  the  magnetization  of  the  core  that  puts  a 
check  upon  induction.' 

These  facts  being  completely  established,  I  proceed  next  to  their 
application.  I  have  no  necessity  to  enter  into  the  most  recent 
discoveries,  in  order  to  display  the  advantages  of  the  application  of 
metallic  tubes  as  graduators.  It  is  enough  to  mention  them,  in 
order  to  render  intelligible  their  utility  and  importance  in  the 
practice  of  localized  faradization.  The  double  graduation  by  the 
double  internal  and  external  metallic  cylinders  is  certainly  prefer- 
able to  graduation  by  one  alone,  since  the  neutralization  of  the 
currents  is  more  complete  when  the  tubes  move  together,  and 
when  they  cover  the  coils  successively  one  can  use  at  pleasure  a 
scale  for  graduation  of  double  extent. 

D. — Moderator. 

The  graduator  tube  does  not  completely  destroy  the  ciu-rent 
upon  which  it  acts,  so  that  the  scale  produced  by  graduation  does 


^  Prior  to  the  publication  of  'the  im- 
portant work,  Traits  de  I'^ledricM  th€o- 
rique  et  appliqu^e,  in  which  M.  de  la 
Rive  has  set  forth  the  state  of  the  science 
with  much  learning  and  lucidity,  I  was  not 
aware  tliiit  Herr  Dove,  a  ph)'sicist  of  great 
merit,  and  professor  of  meteorology  at 
Berlin,  had  instituted,  in  1842,  researches 
into  the  influence  exerted  by  a  copper 
tube  placed  within  a  coil,  and  containing 
a  bundle  of  rods  of  soft  iron.  I  believed, 
when  I  laid  before  the  Academy  of 
Medicine  the  investigations  which  form 
the  subject  of  this  chapter,  that  I  was  the 
first  who  had  studied  the  influence  of 
metallic  tubes  upon  the  phenomena  of  in- 
duction. I  trust  I  may  be  forgiven  for 
my  ignorance  about  tliis  point  in  the 
history  of  discovery  in  physics,  when  I 
repeat  that  I  am  not  a  physicist.  More- 
over, the  physicists  who  liave  witnessed 
my  labours,  and  whom  I  have  consulted 
upon  the  point,  have  supported  me  in  my 
belief.  After  having  read  in  the  treatise 
of  M.  De  la  Rive  an  account  of  tlie  re- 
searches of  Herr  Dove  upon  the  influence 
of  metallic  masses  introduced  into  a  coil, 
and  having  made  myself  acquainted  witii 
the  original  work  of  Dove,  I  do  not  now 
think  it  re(iuisite  to  modify  the  terms  in 
which  I  described  my  own  results  in  a 
memoir  addressed,  in'  1851,  to  the  Aca- 
demy of  Medicine.  1.  Indeed,  Herr  Dove 
has  not  studied  the  influences  exerted  by 
metallic  tubes  upon  coils  in  the  interior  of 
which  there  is  no  core.  2.  If  it  bo  true 
that  this  experimenter  discovered  that  a 
metallic  tube,  introduced  into  the  axis  of 


a  coil,  and  containing  a  core  of  soft  iron, 
diminished  the  force  of  induction,  it  is 
incontestable  that' he  never  said  that  the 
influence  of  the  tube  increased  in  direct 
ratio  to  its  advance  within  the  coil ;  and, 
if  he  had  been  aware  of  this,  he  would 
doubtless  have  plainly  stated  it,  on  ac- 
count of  the  practical  importance  of  the  fact. 

3.  Herr  Dove  has  not  tried  the  eftect 
of  an  external  metallic  tube,  covering 
the  cm-rent  of  the  secondary  coil;  and, 
in  consequence,  has  not  compared  the 
different  action  exerted  by  an  inner  and 
an  outer  tube,  either  upon  the  currents  or 
upon  the  magnetization  of  the  iron  core. 

4.  Lastly,  this  celebrated  physicist  appears 
not  to  have  arrived  at  the  same  results 
with  myself,  in  the  experiments  which  he 
has  made  with  mngneto-faradic  instru- 
ments ;  for,  according  to  him,  ice  do  not 
see  the  intensity  of  the  induced  current 
diminished  by  introducing  a  metallic 
cylinder  within  the  induction  coil,  and 
over  the  bundle  of  iron  ivires  in  its  axis, 
when  we  magnetize  these  wires  by  the 
approach  of  a  magnet,  instead  of  by  a 
voltaic  current  circidating  in  the  coil.  My 
own  experiments  have  convinced  me  that 
metallic  tubes  neutralise  the  currents  of 
the  primary  and  secondary  coils  of  mag- 
neto-faradic  instruments,  wlion  they  cover 
their  reels,  just  as  completely  as  they  do 
the  currents  of  voKa-faradic  instruments. 
In  the  succeeding  Part  will  be  sot  forth  a 
demonstration  of  the  facts,  applied  to  the 
graduation  of  my  magneto-faradic  appar- 
atus. 
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not  commence  at  zero.  The  feeble  current  which  remains  is 
insignificant,  when  aiDplied  to  the  muscles  of  the  trunk  or  of  the 
limbs.  But  it  is  no  longer  so  when  used  for  delicate  operations,  as 
for  faradization  of  the  facial  muscles,  or  of  the  membrana  tympani, 
and  for  these  I  use  the  water  moderator  already  described.  After 
having  diminished  the  intensity  of  the  current,  it  becomes  possible, 
by  making  this  weakened  current  pass  through  a  stratum  of  water 
more  or  less  thick,  to  divide  it  still  furtlier  into  infinitely  feeble 
doses.  The  combination  of  graduator  and  moderator  has  even 
enabled  me  to  measure  the  degree  of  excitability  of  each  of  the 
muscles  of  the  frog. 

E. — Magnetic  Blieometer. 

The  graduator  tube  divides  into  exact  doses  the  current  given 
by  either  the  primary  or  the  secondary  coil;  but  it  does  not 
measure  the  force  of  the  initial  current, — a  force  that  is  liable  to 
variation  from  numerous  causes,  and  that  therefore  produces  in- 
evitable differences  in  the  force  of  the  induction.  To  endeavour 
to  apportion  the  electricity  by  the  aid  of  the  graduator  alone, 
seems  to  be  as  absurd  as  to  weigh  medicines  in  an  accurate  balance, 
but  with  false  weights. 

I  employ  a  very  simple  means  by  which  to  measure  the  power 
of  the  initial  current,  and  the  procedure  also  indicates  the  degree 
of  magnetization  of  the  soft  iron  of  the  core.  The  action  of  that 
magnetization  upon  a  magnetic  needle  forms  the  basis  of  my 
rheometer.  The  soft  iron  is  differently  magnetised  at  its  extremi- 
ties, according  to  the  direction  of  the  current.  Let  us  suppose 
that  the  extremity  nearest  the  rheometer  becomes  the  north  pole. 
The  needle,  placed  as  already  described,  will  be  made  to  deviate 
from  the  magnetic  meridian  by  the  attraction  between  its  south 
pole  and  the  magnetised  core,  and  as  the  magnetization  of  the 
core  is  directly  as  the  intensity  of  the  initial  current,  the  degree  of 
deviation  of  the  needle  furnishes  an  index  of  both. 

I  employ  the  rheometer  to  measure  the  force  of  the  initial 
current,  and  to  keep  it  nearly  at  the  same  degree.  'I'he  causes 
which  may  weaken  a  pile  are  so  various  that  no  form  of  pile  can 
be  called  really  and  absolutely  constant.  The  rheometer,  there- 
fore, not  ordy  measures  the  initial  force,  but  renders  it  possible 
always  to  operate  under  the  same  conditions.  The  combined 
action  of  the  rheometer  and  the  graduator  enables  us  to  administer 
electric  excitation  in  precise  doses.  It  seems  sufficient  to  enunciate 
this  proposition,  and  unnecessary  to  enter  at  large  into  considera- 
tions which  show  that,  although  the  graduator  alone  measures 
nothing,  yet  its  combination  with  the  rheometer  affords  all  the 
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conditions  of  exactitude  necessary  to  formulate  the  physiological 
and  therapeutic  applications  of  electricity. 

F. — Pedal  Bheotome  and  Trembler. 

As  I  Lave  shown  at  the  commencement  of  the  chapter,  the 
intermittences  during  faradization  should  be  few  or  frequent,  slow 
or  quick,  according  to  the  physiological  or  therapeutical  indication 
that  is  to  be  fulfilled.  Any  apparatus  that  does  not  provide  for 
this  requirement  is  incomplete,  and  may  even  be  dangerous.  In 
order  to  meet  all  wants,  I  have  adapted  to  my  instruments  two 
varieties  of  rheotome, — the  pedal  and  the  trembler.  I  have  also 
described  already  (page  123,  fig.  40)  a  rheotome  that  I  have 
contrived  in  order  to  avoid  the  alternations  of  an  induced  current, 
and  to  render  it  either  centripetal  or  centrifugal. 

(a).  Pedal.  With  the  pedal  (Y,  fig.  52)  the  operator  obtains,  at 
pleasure,  intermissions  of  greater  or  less  rapidity. 

For  this  purpose,  I  was  for  a  long  time  in  the  habit  of  employing 
a  toothed  wheel  attached  to  the  instrument  (D,  fig.  51),  but  to 
'urn  this  wheel  occupied  the  hand  which  should  be  reserved 
o  control  the  graduator,  the  moderator,  the  commutators  of  the 
oils  and  poles,  &c.    For  this  reason,  I  have  long  abandoned 
he  wheel  in  favour  of  the  pedal ;  more  especially  as  the  former 
complicated  the  apparatus,  and  sometimes  became  a  cause  of  its 
deterioration. 

I  attach  little  value,  as  a  rule,  to  any  system  of  intermittence 
•hat  cannot  be  regulated  in  accordance  with  the  requirements  of 
experimentation  or  of  treatment.  I  have  made  several  small 
mechanical  rheotomes,  in  which  the  motor  power  was  furnished  by 
clock-work,  which  would  maintain  more  or  less  rapid  intermissions 
for  a  considerable  time.  Experience  soon  taught  me  that  such 
movements  could  not  replace  those  that  were  subject  to  the  will  of 
the  operator.  Notwithstanding  the  convenience  of  the  mechanical 
rheotomes,  I  returned  to  the  toothed  wheel,  and  eventually  to  the 
pedal. 

On  occasions  where  great  precision  was  required,  I  have,  how- 
ever, employed  a  clock  to  which  a  rheotome  was  adapted,  so  as  to 
give  exactly,  at  pleasure,  one,  two,  three,  or  four  intermissions  per 
secimd.' 

(&).  Trembler. — However  rapid  we  may  be  able  to  render  the 
intermissions  by  means  of  the  toothed  wheel  or  the  pedal,  they  yet 
never  reach  the  speed  given  by  the  trembler, — a  speed  such  that 


'  This  rheotome,  fitted  to  an  electric 
clock,  was  made  by  M.  A.  Mathieu.  The 
same  effect  has  been  produced  by  inter- 


rupting the  circuit  by  a  common  metro- 
nome. 

s  2 
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the  muscular  contraction  whicli  it  produces  appears  to  be  con- 
tinuous. The  special  properties  of  this  very  rapid  movement,  and 
the  energetic  influence  that  it  exerts  upon  sensibility,  have  induced 
me  to  adopt  it  as  a  valuable  resource  in  the  investigation  of 
certain  electro-physiological  phenomena,  and  in  the  treatment 
of  certain  dynamic  lesions.  But  the  necessary  mechanism  cannot 
always  replace  the  toothed  wheel  or  the  pedal,  because  it  may,  in 
some  cases,  produce  even  serious  accidents.  I  liold,  therefore,  that 
every  instrument  should  be  furnished  with  both  a  pedal  and  a 
trembler. 

The  common  forms  of  trembler — all  of  which  I  have  studied — so 
often  become  out  of  order,  and,  so  to  speak,  stop  so  capriciously, 
that  it  would  be  necessary  to  abandon  their  application  to  in- 
duction instruments,  if  these  imperfections  could  not  be  overcome. 
It  has  often  occurred  to  me,  with  certain  instruments,  to  be  unable 
to  proceed  with  an  experiment,  or  a  therapeutical  application,  on 
account  of  the  stopping  or  the  irregular  action  of  the  trembler, — 
an  apparent  caprice,  the  cause  of  which  I  could  not  immediately 
discover. 

By  increasing  the  power  of  the  magnetization  of  the  soft  iron  of 
the  core,  and  of  the  movable  piece  of  iron  which  produces  the 
intermissions,  and  by  rendering  the  vibration  more  simple  and 
easy  by  a  proper  adjustment  of  the  force  of  the  spring  to  the 
weight  of  the  movable  iron,  I  have  now  so  well  regulated  the 
action  of  the  trembler  that  it  never  fails,  in  ray  instruments,  if 
the  power  of  the  pile  be  sufficient. 

Tremblers  may  be  made  with  or  without  vibrations.  The 
tremblers  with  vibrations  are  those  which,  between  the  inter- 
missions, undergo  rapid  recoils  or  rebounds,  which  render  faradiza- 
tion very  unpleasant. 

The  more  painful  sensation  produced  by  the  trembler  with 
vibrations  renders  certain  experiments  on  the  muscles  more 
difficult,  even  when  only  a  moderate  dose  is  employed.  This 
trembler,  however,  may  be  very  useful  in  cases  in  which  it  is 
desired  to  excite  sensibility  and  nutrition  very  acutely. 

I  have  contrived  a  trembler  of  which  the  beats  may  be  quickened 
or  retarded  at  pleasure,  so  that  it  may  give  as  few  as  four  inter- 
missions in  a  second,  or  an  incalculable  number,  passing  through 
all  intermediate  degrees  of  rapidity.  I  have  adapted  this  trembler 
to  my  uncovered  instrument  (fig.  56). 

Fig.  57  offers  a  front  view  of  this  apparatus,  showing  the 
trembler.  One  of  the  extremities  of  the  wire  of  the  primary  coil 
communicates  with  the  knob  E,  the  other  with  the  screw  C.  The 
movable  piece  of  copper,  A,  which  is  pressed  back  by  a  sprmg 
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placed  in  front  of  it  against  the  screw  C,  communicates  with  the 
knob  F.  As  soon  as  the  knobs  E  and  F  are  placed  in  communica- 
tion with  the  poles  of  a  pile,  the 
current  passes  through  the  wire  of 
the  primary  coil,  and  magnetises 
its  core  of  soft  iron,  which  attracts 
the  movable  piece  of  soft  iron  G. 
This  draws  with  it  the  piece  of 
copper  A,  which  was  resting  against 
the  screw  C.  A  solution  of  continuity 
is  produced,  demagnetising  the  core, 
and  causing  the  return  of  A  to  C. 
The  current  is  then  ;  re-established, 
and  the  same  order  of  events  con- 
tinues. 

So  far  it  will  be  seen  that '  the 
trembler  differs  but  little  from  that 
of  the  instrument  represented  in  fig. 
52,  from  which,  however,  it  is  dis- 
tinguished by  the  following  modifications.  The  motable  soft 
iron,  Gr  (fig.  57),  is  sufficiently  remote  from  the  core  to  have  a 
much  longer  distance  to  travel  when  attracted  by  the  temporary 
magnetization  of  the  latter.  In  this  condition  it  will  beat  only 
four  times  in  a  second ;  but,  by  gradually  turning  the  screw  C 
from  right  to  left,  the  distance  is  progressively  diminished,  and 
consequently  the  rapidity  of  movement  of  the  trembler  can  be 
progressively  increased  at  the  pleasure  of  the  operator,  who  is  able, 
by  this  simple  means,  to  regulate  the  speed  according  to  the  effect 
that  he  desires  to  obtain.  In  order  that  the  magnetic  force  may 
exert  its  attraction  when  the  distance  is  at  the  greatest,  it  is 
necessary  to  increase  the  bulk  of  the  movable  soft  iron.  For  this 
purpose,  I  have  attached  to  the  latter  an  additional  bar  of  soft  iron, 
fourteen  centimetres  in  length,  and  which  extends  over  the  surface 
of  the  end  of  the  coil,  as  shown  in  fig.  57.  The  magnetization  of 
the  plate  G  by  the  iron  of  the  core  is  then  considerably  increased, 
since  the  plate  forms  but  one  mass  with  the  piece  added  to  it. 
When  the  screw  C  is  tightened,  the  spring  which  presses  the  piece 
A  against  it  is  sufficiently  tense  to  cause  the  intermissions  to  occur 
without  vibrations ;  but,  when  the  spring  is  relaxed  by  loosening 
the  screw,  each  beat  or  intermission  is  followed  by  a  vibration,  the 
special  action  of  which  upon  the  sensibility  I  have  mentioned 
above.  These  vibrations  are  such,  when  the  spring  is  completely 
relaxed,  that  even  the  slowest  action  of  the  trembler  (four  inter- 
missions per  second)  produces  muscular  contractions  that  are 


Fig  57. — Front  view  of  tlie  uncovered 
apparatus  shown  in  fig.  55. 
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painful,  although  infrequent.  These  slow  intermissions  witli 
vibration  are  highly  useful  when  it  is  desired  to  act  at  once  upon 
the  contractility  and  the  sensibility  or  the  nutrition  of  muscles, 
and  when  a  current  with  rapi  1  intermissions  cannot  be  borne  by 
the  patient.  For  example,  when  rapid  intermissions  produce 
cramps,  and  therefore  cannot  be  used,  I  replace  them  by  slow 
intermissions  with  vibration,  which,  without  being  attended  by 
inconvenience,  act  with  siifficient  power  upon  sensibility  and 
nutrition. 

The  slow  intermissions  with  vibration  are  contra -indicated 
whenever  it  is  dangerous  to  over-excite  sensibility.  Hence  the 
apparatus  that  is  provided  with  a  trembler  for  producing  them 
should  have  also  a  rheotome  to  give  slow  intermissions  without 
vibration. 

M.  F.  P.  Le  Roux,  professor  agrege  of  physical  science,  has 
shown,  in  an  excellent  thesis,  the  importance,  in  certain  conditions, 
of  the  study  of  the  differences  between  tremblers  with  and  without 
vibrations.  It  will  be  seen  that  the  electro-physiological  pheno- 
mena produced  by  tremblers,  and  that  I  have  stated  above,  are  in 
accord  with  his  experience. 

"  The  necessity,"  he  says,  "  to  determine  in  an  absolute  manner 
the  number  of  interruptions  has  been  well  stated  by  M.  Duchenne, 
■who  has  been  careful  to  furnish  his  volta-faradic  apparatus  with 
a  trembler,  the  beats  of  which  can  be  slackened  or  accelerated  at 
pleasure,  so  that  it  will  give  no  more  than  four  intermissions  in  a 
second,  or  will  produce  a  very  great  number  in  the  same  time, 
affording  also  all  intermediate  degrees  of  rapidity. 

"  M.  Duchenne  makes  a  distinction  between  tremblers  with  and 
without  vibrations.  The  tremblers  with  vibrations  are  those  which, 
between  each  intermission  are  agitated  by  several  rapid  recoils  or 
rebounds,  which  render  electrization  very  disagi'eeable.  Save  in 
certain  cases,  one  should  avoid  the  arrangements  of  a  trembler 
which  produce  these  effects,  because  they  render  certain  electro- 
muscular  experiments  more  difficult. 

"We  know  that  very  closely  approximated  electric  shocks 
produce  a  tetanic  condition  instead  of  isolated  contractions  ;  the 
vibrations  in  the  trembler  produce  in  reality  a  series  of  tetanic 
convulsions  of  more  or  less  duration  and  sepai'ation. 

"The  facts  of  a  purely  physical  kind  that  I  have  observed 
confirm  those  physiological  ones  that  have  been  stated  by  M. 
Duchenne.  I  have  had  occasion  to  observe  that  the  manner  in 
which  the  extra  current  is  produced,  may  give  rise  to  a  division 
of  the  induced  spark,  of  which  the  following  fact  may  convey  an 
idea.    In  experiments  upon  the  rapidity  of  the  transmission  of 
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sound,-  I  used  as  a  means  of  chronoscopy  the  trace  left  upon  a  plate 
of  iodized  silver  by  an  induction  spark  proceeding  from  one  of 
Euhmkorff's  coils.  The  interruption  of  the  inducing  current  was 
produced  mechanically ;  but  under  certain  circumstances,  instead  of 
a  single  trace,  I  observed  as  many  as  iifteen  traces,  corresponding 
to  as  many  small  sparks  into  which  a  single  discharge  had  been 
subdivided.  I  could  distinguish  one  from  another  because  the 
plate  was  in  rapid  rotation,  and  the  small  sparks,  being  suc- 
cessive, left  their  marks  on  different  points ;  but  the  fifteen 
traces  were  separated  only  by  the  length  of  a  millimetre,  wliich 
corresponded  to  a  time  notably  less  than  the  fifty-thousandth 
part  of  a  second.  The  sparks  were  unquestionably  successive, 
because  they  were  all  aligned  in  the  direction  of  the  movement 
of  the  plate. 

"There  is  no  room  to  believe  but  that  each  of  these  partial 
sparks  corresponded  to  a  vibration  produced  in  the  interrupter, 
for  it  is  manifest  that,  according  to  the  law  of  the  movement 
of  interruption,  the  induced  discharge,  which  most  commonly 
manifests  itself  in  a  single  spark,  may  divide  itself  into  a  certain 
number  of  partial  discharges.  These  phenomena  were '  observed 
with  a  Ruhmkorff's  coil,  of  moderate  dimensions."  ^ 

In  the  tremblers,  the  point  of  the  screw  is  platinized,  and  comes 
into  contact  with  a  plate  also  platinized,  and  soldered  to  the  piece 
which  beats  against  it,  so  that  perfect  contact  is  as  little  as  possible 
interfered  with  by  oxydation.  In  time,  however,  the  platinum, 
burnt  by  the  electric  spark,  does  undergo  oxydation ;  and  the 
oxyde  deposited  on  its  surfaces  checks  the  passage  of  the  current, 
and  weakens  the  power  of  the  apparatus ;  the  play  of  the  trembler 
being  either  hindered  or  altogether  stopped.  I  have  remedied  this 
fault  by  increasing  the  thickness  of  the  piece  of  platinum,  and  by 
making  it  movable,  so  that  when,  after  working  some  hours  a  day 
for  many  months,  it  becomes  oxydized,  it  may  be  shifted  a  little 
to  the  left  or  right,  and  a  new  place  brought  into  use.  It  is  also 
necessary  to  clean  the  point  of  the  screw  from  time  to  time,  by 
rubbing  it  with  a  piece  of  cloth  or  linen,  so  as  to  remove  the  oxyde. 
Finally,  in  order  to  diminish  the  oxydation  of  the  platinum,  I  have 
increased  the  contact  surface,  giving  to  it  from  two  to  three  milli- 
metres of  transverse  diameter. 


'  Le  Eoux,  Determination  exp^imentale 
de  la  Vitesse  de  propagation  d'uii  tfbranle- 
ment  sonore  dans  uu  tuijau  cijlindrique 
{Annate  de  Chimie  el  de  Fkyauiice,  4°  se'rie, 
tomo  xii.  p.  345). 


"  F.  P.  Lo  Eoux,  De  Vinduction  et  des 
apparoils  eledro-medicaxu,  p.  46.  Tliese 
jnx^seiMe  a  I'JSrole  Supifricurc  depliarmacie 
pour  I'aggrifgaiion  des  Sciences  physique. 


264 


LOCALIZED  ELECTRIZATION. 


G.—The  Battenj. 

From  the  beginning  of  my  researches  and  until  1858,  I 
had  employed  Bunseu's  battery  in  my  volta  -  faradic  instru- 
ments, because  it  combines  with  sufficient  power  a  considerable 
degree  of  constancy.  I  modified  it  only  by  arranging  it  in  a  flat 
form,  so  that  it  could  be  contained  in  a  drawer.  Instead  of  im- 
mersing the  carbon  in  nitric  acid,  I  poured  the  acid  over  a  plate 
of  carbon  so  as  to  saturate  its  pores,  and  then  put  this  plate  into  a 
zinc  cell  containing  a  small  quantity  of  solution  of  sea-salt.  j\Iy 
only  diaphragm  was  thus  a  thin  layer  of  saline  solution ;  by  which 
arrangement  the  resistance  of  the  battery  was  much  diminished, 
and  its  power  proportionately  increased. 

Such  a  battery  as  this  was  perfectly  in  accord  with  the  force  of 
my  first  instrument.  But,  since  I  have  fully  doubled  the  original 
length  of  the  coils  and  of  their  wires,  it  has  been  insufficient  to 
develop  the  full  power  of  the  apparatus.  I  have  therefore  been 
compelled  to  seek  a  battery  yielding  electricity  of  higher  tension. 
Fov  this  purpose  I  have  diminished  by  one-half  the  surface  of 
the  elements,  and  have  increased  their  number  to  three  or  even 
four. 

The  inconveniences  due  to  the  employment  of  nitric  acid,  that  is 
to  say,  the  inevitable  liberation  of  nitrous  gas,  which  was  a  cause 
of  the  rapid  deterioration  of  the  several  parts  of  the  apparatus,  in- 
duced me  to  replace  the  nitric  by  sulphuric  acid.  For  more  than 
a  year  I  had  employed  this  new  arrangement,  when  M.  Marie- 
Davy  made  known  his  battery  with  bisulphate  of  mercury,  which, 
with  some  modifications,  I  adopted  for  my  instruments.  It  is  to 
this  source  of  electricity  that  I  have  now  for  six  years  given  the 
preference  for  my  portable  forms  of  apparatus ,  and  a  description 
of  it  has  already  been  given  to  the  reader.  It  possesses  the  advan- 
tage that  it  may  be  carried  from  place  to  place,  without  fear  of 
spilling  any  liquid.  It  is  sufficient  to  place  a  piece  of  hard  caout- 
chouc between  the  cloth  and  the  zinc,  carefully  cleaned,  in  the 
intervals  between  the  applications;  and  when  we  wish  to  put 
the  battery  in  action,  to  pour  a  little  water  upon  the  cloth,  and  to 
remove  the  plates  of  caoutchouc.  The  same  bisulphate  of  mercury 
will  last  from  fifteen  days  to  three  weeks. 

The  pieces  connecting  the  system  of  induction  with  the  carbon, 
composed  originally  of  copper,  platinized  at  its  contact  with  the 
carbon,  were  rapidly  destroyed  by  oxydation.  I  have  replaced 
them  by  platinum  wires,  and  they  are  now  unalterable.  The  two  or 
three  small  elements  which  form  a  part  of  my  volta-electric  appa- 
ratus, allow  me  to  have,  at  the  bedside  of  the  patient  a  power  of 
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induction  that  is  always  sufficient ;  but  the  induction  of  my  ap- 
paratus, is  not,  so  to  speak,  saturated  by  these  three  elements ;  for 
1  have  obtained  from  it  a  much  greater  force,  with  the  fifteen  or 
twenty  elements  of  bisulphate  of  lead  that  I  can  adapt  to  it  at  my 
own  house. 

Although  M.  Marie-Davy  has  advised  the  use  only  of  the  proto- 
sulphate  of  mercury,  I  have  substituted  the  bisulphate  in  order  to 
obtain  greater  power.  I  have  only  employed  the  proto-sulphate, 
as  I  have  said,  for  the  formation  of  a  battery  composed  of  from 
thirty  to  a  hundred  elements,  for  the  application  of  continuous 
currents. 

Manufacture  of  the  carbon  plates. — After  numerous  experiments 
with  regard  to  the  best  kinds  of  coal  and  coke,  to  the  proportions 
in  which  they  should  be  mixed,  to  the  manner  of  setting  the 
mixture  in  the  moulds,  to  the  form  of  the  latter,  and  to  the  amount 
of  bui'ning  required,  I  succeeded  in  manufacturing  carbon  plates 
that  were  hard  and  free  from  fissures.  The  manufacture  of  these 
plates  being,  however,  both  difficult  and  costly,  I  sought  to  replace 
them  by  carbon  sawn  out  of  gas-coke. 

The  coke  deposited  on  the  interior  of  the  retorts  used  for  making 
gas  is  formed,  as  is  known,  from  the  bituminous  matter  called 
petroleum.  This  petroleum  becomes  carbonized,  and  deposited, 
layer  upon  layer,  on  the  inner  surfaces  of  the  retorts  in  which  the 
coal  is  distilled.  It  forms  at  length  a  thick  crust,  which  it  is 
necessary  to  remove  from  time  to  time.  Unfortunately,  the  carbon 
plates  formed  from  gas-coke,  which  are  excellent  when  immersed 
in  nitric  acid,  and  which,  being  very  pure  and  free  from  earthy 
matter,  seem  then  to  increase  power,  do  not  succeed  for  the  system 
that  I  have  adopted  in  my  instruments.  In  a  few  minutes  (two  or 
three)  the  current  furnished  by  thena  diminishes  by  more  than 
three-fourths,  when  the  circuit  is  closed.  We  then  observe  the 
singular  phenomenon — which  is  produced  also  in  piles  of  zinc  and 
copper — that  the  current  recovers  its  intensity  when  the  circuit  has 
been  for  a  short  time  interrupted.  I  attribute  this  rapid  weaken- 
ing of  the  current  to  the  great  density  of  the  gas-coke,  the  inter- 
stices of  which  become  obstructed  by  the  salts  that  are  formed  by 
the  chemical  action  of  the  pile,  and  that  are  rapidly  dissolved 
when  the  circuit  is  left  open.  The  carbon  plates  that  I  have  had 
manufactured,  without  being  too  soft,  which  would  interfere  with 
their  durability,  are  yet  hard  enough.  It  is  not  until  after  some 
time  (five  or  six  months  of  frequent  use)  that  the  salts  resulting 
from  the  interior  chemical  action  of  the  pile  are  deposited  in  the 
interstices  in  sufficient  quantity  to  diminish  the  power  of  the  ap- 
paratus by  resisting  the  passage  of  the  current.    It  is  important 
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to  be  aware  when  this  occurs,  because  the  power  may  be  diminished 
considerably. 

H. — The  Commutator  of  the  Poles. 

It  is  useful  to  be  able  rapidly  to  change  the  direction  of  the 
currents,  without  displacing  the  rheophores  from  their  position  on 
the  patient.  For  this  purpose,  I  have  fitted  to  my  covered  instru- 
ment a  commutator  of  the  poles  (H,  fig.  55),  which,  by  turning  to 
the  right  or  to  the  left,  changes  their  direction.  Its  mechanism 
is  the  same  as  that  of  the  commutator  of  the  currents. 

Paet  the  Third. 

SMALL  DOUBLE-OUREENT  VOLTA-PARADIC  APPARATUS. 

This  instrument,  with  medium  force,  possesses  all  the  properties 
required  in  a  medical  apparatus.  It  is  a  reduction  of  my  large 
double-current  volta-faradic  instrument ;  and  is  generally  capable 
of  replacing  it  in  practice. 

A. — Description. 

I  have  given  to  this  apparatus  the  form  of  a  flat  oblong  box,  or 
of  an  octavo  volume,  as  shown  in  fig.  58.    When  it  is  open,  as  in 


Fig.  68. — Autlior's  small  volta-faradic  apparatus  (closed). 


fig.  60,  it  is  seen  to  be  divided  into  two  parts.    To  the  right  is 
placed  the  induction  apparatus  properly  so  called.    To  the  left 
is  the  battery,  in  the  lower  compartment  A ;  and  the  rheophores, 
with  their  conductors,  are  in  the  upper  compartment  B. 
The  induction  apparatus  is  composed  : — 

1.  Of  a  reel,  six  centimetres  in  length,  formed  by  two  super- 
posed coils,  the  wires  of  which  are  of  different  length  and  diameter 
(the  wire  of  the  primary  coil  is  sixty  metres  in  length  and  a  half 
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Fig.  60.  Fig.  61. 


a  millimetre  in  diameter,  and  the  wire  of  the  secondary  coil  is 
three  hundred  metres  in  length  and  a  sixth  of  a  millimetre  in 
diameter) ;  2,  of  a  core  formed  by  a  broad  band  of  soft  iron  rolled 
into  a  helix,  as  in  fig.  59,  so  that  it  can  be  placed  in  the  centre 
of  the  reel ;  3,  of  a  commutator  of  the  coil,  C  (all  the  foregoing 
portions  are  concealed  in  the  compartment  to  the  right)  ;  4,  of  a 
graduator  tube  D ;  5,  of  a  trembler  E,  and  of  a  rheotome  L  for 
slow  intermissions. 

B. — Manner  of  putting  the  apparatm  in  action. 

A  pair  of  elements  with  bisulphate  of  mercury  (fig.  63),  like  one 
of  the  pairs  of  my  large  apparatus,  is  introduced  into  the  com- 
partment A.  Then  if  the  door  U  of  this  compartment  be  closed, 
as  in  fig.  58,  the  small  platinized  plate  L'  (fig.  G3),  which  com- 
municates with  the  carbon  contained  in  the  caoutchouc  cell, 
comes  in  contact  with  the  spring  H,  which  rests  against  the  plati- 
nized termination  F  of  one  of  the  extremities  (poles)  of  the  primary 
coil,  while  tlie  zinc  N  (fig.  63)  is  brought  into  communication  with 
the  other  extremity  (pole)  of  the  primary  coil,  by  the  spring  H'. 
The  separations  of  this  electro-motor  from  the  coil  are  produced 
by  the  separation  of  the  horizontal  bar  E  (fig.  60)  from  the  knob  I. 


268  '  LOCALIZED  ELECTRIZATION. 


If  it  is  wished  that  the  intermissions  should  be  made  slowly,  the 
knob  L  (fig.  61)  must  be  turned  till  the  line  traced  upon  it  is 
directed  transversely,  since  in  drawing  to  itself  the  stem  of  the 
rheotome  until  the  bar  E  of  the  trembler  is  in  contact  with 
the  knob  I,  it  completes  the  circuit  formed  by  the  battery  and  the 
wire  of  the  primary  coil,  which  is  broken  by  pushing  back 
the  stem  of  the  rheotome  L.  In  this  way  an  intermission  is 
obtained,  and  we  may  thus  obtain  a  series  more  or  less  quickly. 
If  rapid  intermissions  of  the  trembler  are  desired,  the  button  I 
must  be  turned  from  right  to  left  until  the  bar  E,  pushed  forward 
by  a  platinized  eccentric  fixed  to  the  button,  is  sufficiently  near  to 
the  temporary  magnet  J,  which  is  in  contact  with  the  soft  iron  in 
the  centre  of  the  coil.  The  approximation  is  .sufficient  when  the 
noise  of  the  trembler  can  be  heard.  It  is  necessary  to  regulate  the 
movements  of  the  trembler  carefully  ;  for  if  they  are  too  rapid, 
in  consequence  of  too  near  an  approach  of  the  bar  E  to  the  magnet 
J,  the  separations  will  be  less  complete,  and  the  contact  of  the 
portions  of  the  trembler  will  be  less  perfect.  It  follows  that 
the  power  of  induction  will  be  diminished.  We  may  also  produce 
small  intermissions  with  the  pedal  rheotome  Y  (fig.  62),  which 
has  been  described  (p.  259),  and  which  is  applied  to  the  large 
instruments.  For  this  purpose,  its  conducting  cords  must  be 
attached  to  the  knobs  3  and  4  (fig.  60),  and  then,  after  having 
turned  the  button  L  from  left  to  right,  until  the  bar  E  is  in  contact 
with  the  magnet  J  (in  this  position  the  battery  current  is  inter- 
rupted), the  intermissions  are  to  be  made  with  the  foot  in  the 
manner  already  described.  (By  pressing  on  the  knob  6,  fig.  62, 
the  battery  current  is  completed.) 

The  electrode  knobs,  1  and  2,  receive  the  currents  of  each  coil. 
To  them  are  fixed  the  conducting  cords  to  which  the  rheophores 
are  attached.  We  can  bring  to  these  knobs  the  current  either 
of  the  primary  or  of  the  secondary  coil,  by  pushiug  to  the  left  or 
to  the  right,  as  far  as  it  will  go,  the  stem  of  the  commutator  of 
the  coils  0.  The  figures  engraved  ujpon  the  small  plate  of  copper 
traversed  by  this  stem,  point  out  the  side  towards  which  the  stem 
should  be  pushed  in  order  to  bring  one  or  other  of  the  currents  to 
the  knobs  1  and  2.  Lastly,  the  graduation  is  effected  by  the  tube 
D,  as  in  the  other  instruments.  In  the  intervals  between  the 
applications,  the  battery  current  is  interrupted  by  pushing  back 
the  stem  of  the  rheotome  L,  until  the  bar  E  is  in  contact  with 
the  soft  iron  J. 

The  small  apparatus  just  described  is  that  to  which  I  give  the 
preference  in  the  great  majority  of  cases.  I  have  recourse  to  the 
large  instruments  only  for  the  purposes  of  diagnosis,  or  for  electro- 
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physiological  and  patliological  experiments,  and  for  treatment  in 
a  few  cases  in  which  contractility  or  sensibility  are  either  abolished 
or  sensibly  diminished. 

The  power  of  this  small  instrument  is  very  considerable,  regard 
being  had  to  the  small  size  of  its  coil.  This  is  not  only  due  to 
the  excellent  proportions  of  length  and  diameter  of  the  wires,  and 
to  good  manufacture,  but  also  and  chiefly  to  the  powerful  mag- 
netization of  its  band  of  soft  iron  rolled  into  a  helix,  which  thus 
offers  a  considerable  extent  of  surface.* 

Paet  the  Fourth. 

THE  AUTHOR'S  DOUBLE-CURRENT  MAGNETO-FARADIC  APPARATUS. 

The  volta-faradic  instruments,  the  construction  and  properties 
of  which  have  been  described  in  the  preceding  Part,  have  been 
employed  in  my  numerous  researches  in  electro-physiology,  patho- 
logy, and  therapeutics.  They  have  endured  this  test  satisfactorily, 
and  their  usefulness  is  now  perfectly  established.  Unfortunately, 
the  preparation  of  the  battery,  simple  though  it  be,  necessarily 
requires  some  amount  of  manipulation.  This  single  inconvenience 
has  presented  a  difficulty  to  some  physicians,  and  has  often  in- 
duced them  to  prefer  the  common  magneto-electric  instrument. 

For  this  reason,  I  have  endeavoured  to  give  to  a  magneto- 
electric  instrument,  as  far  as  possible,  the  properties  that  I  believe 
to  be  iudispensable  for  the  practice  of  localized  faradization. 

§  I. — DeSCKIPION  of  THE  APPARATUS. 

My  magneto-faradic  apparatus  (see  fig.  64)  is  composed  of  a 
magnet,  of  an  armature,  set  in  movement  by  a  peculiar  mechanism, 
of  a  regulator  of  the  armature,  that  is  at  once  a  moderator  of  the 
currents  and  a  magnetic  tensor ;  of  two  coils  of  copper  wire,  of 
unequal  length  and  thickness ;  of  a  rheotome ;  of  a  regulator 
of  the  intermissions ;  of  a  graduator  of  the  currents ;  and,  lastly,  of 
a  commutator  of  the  coils. 

A. — The  Magnet. 
The  magnet  is  formed  of  two  parallel  cylindrical  branches, 


^  I  have  experimented  comparatively,  |  into  a  helix,  and  with  its  internal  surface 
with  different  forms  of  core,  with  regard  |  insulated  by  a  sheet  of  paper.  I  have 
to  their  respective  physiological  eiiects;  j  found  that  the  helix  of  soft  iron  has  given 
using  iron  wires  (after  Dove  s  method),  I  the  best  results,  both  as  regards  the  power 
split  tubes  of  tin,  encloseil  the  one  within  '  of  physiological  effects  and  as  regards 
the  other,  and  each  insulated  by  a  paper  j  the  force  of  tlie  magnetization, 
covering,  then  a  broad  band  of  tin  rolled  1 
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Fig.  64. 


connected  together  at  one  of  their  extremities  by  a  transverse  bar 
of  soft  iron. 

It  is  placed  on  the  flat,  and  horizontally  upon  a  support  fixed 
to  the  posterior  part  of  the  case  of  the  apparatus.  Its  anterior 
extremity  rests  on  two  other  supports. 

B. — The  armature  and  its  motor  system. 

The  armature,  which  by  its  movement  of  rotation  produces 
the  intermissions  of  the  magnetic  current,  is  traversed  in  its 
middle  part  by  a  horizontal  axis,  terminated  at  its  extremities  by 
a  very  hard  steel  point,  received  in  steel  sockets,  which  are.  screwed 
into  two  copper  mounts.  These  mounts  are  firmly  fixed  to  a 
square  movable  plate  of  copper,  G-,  which  rests  on  the  base  of  the 
apparatus.  Between  these  two  mounts,  and  at  their  superior 
extremity,  is  fitted  a  large  wheel,  A,  the  axis  of  which  traverses  on 
one  side  the  anterior  mount  in  which  it  rotates,  while  the  other 
extremity  terminates  in  a  point,  and  is  received  in  a  piece  fixed  to 
the  posterior  mount.  The  handle  M,  which  puts  the  large  wheel 
in  motion,  can  be  removed  at  pleasure.  The  circumference  of  the 
large  wheel  A  is  divided  into  sixty-four  teeth,  which  set  in  action 
a  small  wheel  of  eight  teeth,  fixed  upon  the  axis  of  the  arma- 
ture in  such  a  manner  that  at  every  revolution  of  the  great  wlieel 
the  armature  turns  eight  times  upon  its  axis,  and  consequently 
produces  thirty-two  intermissions  of  the  current  of  induction.  As 
it  is  possible  to  make  the  large  wheel  revolve  twice  in  a  second, 
we  may  obtain  sixty-four  intermissions  in  the  same  period  of  time. 
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C. — The  regulator  of  the  armature. 

The  movable  plate  Gr,  upon  wliich  are  placed  the  armature  and 
its  motor  system,  is  approximated  to  or  removed  from  the  magnet, 
by  means  of  a  strong  screw  N,  called  the  regulator  of  the  arma- 
ture. This  screw,  turning  in  a  nut  fixed  to  the  apparatus,  acts 
upon  the  base  of  one  of  the  mounts  which  forms  part  of  the  plate 
G,  which  it  moves  backwards  and  forwards. 

In  order  that  the  armature  may  exercise  a  tension  upon  the 
magnet,  the  screw  N  is  turned  in  such  a  manner  that  the  needle  is 
brought  to  the  middle  part  of  the  arc  of  a  circle  0,  which  is  called 
the  indicator.  Then  the  armature,  placed  transversely,  is  brought 
near  to  the  magnet,  and  is  in  contact  with  its  extremities. 

We  shall  see  hereafter  in  what  way  the  regulator  of  the  arma- 
ture serves  also  to  weaken  or  to  moderate  the  induction  currents. 

D. — The  coils. 

A  reel  nine  centimetres  and  a  half  in  length,  and  upon  which 
twenty-four  metres  of  copper  wire,  covered  with  silk,  and  half  a 
millimetre  in  diameter,  are  rolled  spirally,  is  fixed  to  each  arm  of 
the  magnet,  in  such  a  manner  that  its  anterior  border  is  level 
with  the  free  edge  of  the  magnet.  The  rounded  anterior  extremity 
of  the  reel  rests  in  a  support  which  maintains  the  magnet  in 
a  position  parallel  to  the  plane  of  the  apparatus. 

A  second  copper  wire,  the  sixth  of  a  millimetre  in  diameter,  six 
hundred  metres  in  length,  and  covered  with  silk,  is  rolled  over  the 
thicker  wire,  and  forms  a  second  coil.  The  thick  wire  is  inductive 
relatively  to  the  thinner  wire,  which  is  induced  by  it.  I  shall 
demonstrate  this  hereafter. 

The  two  superposed  copper  wires  are  rolled  in  the  same  direction, 
and  the  extremity  of  the  one  is  soldered  to  the  commencement  of 
the  other,  while  the  other  ends  are  brought,  that  of  the  thick  wire 
(central)  to  the  springs  S  and  S',  which  produce  the  intermissions 
on  the  reel  B,  and  that  of  the  fine  wire  (external)  to  the 
right  side,  TJ,  of  the  commutator  of  the  coils  T,  which  conveys 
the  current  of  the  primary  coil  to  the  knobs  P  and  P',  to  which 
are  attached  the  conductors  of  the  rlieophores.  The  spring  S'  gives 
origin  to  a  conducting  wire  which  proceeds  to  the  left  side  of  the 
commutator  T. 

E. — Tlie  Bheotome. 

The  rheotome  is  composed  of  a  small  wooden  reel,  B,  and  of  two 
springs,  S  and  S'.  The  reel  is  fixed  upon  an  axis  of  soft  iron. 
One  of  the  springs,  8,  in  relation  with  one  extremity  of  the  central 
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wire,  rests  upon  a  metallic  ring  fixed  upon  the  reel.  This  ring  is 
divided  into  four  teeth,  two  of  which  are  very  short.  The  second 
spring  of  the  rheotome  S',  which  communicates  with  the  other 
extremity  of  the  central  wire,  is  brought  in  contact  witli  tlie  four 
or  with  the  two  teeth,  by  means  of  the  regulating  knob  of  the 
commutator  (not  shown  in  fig.  64),  which  is  fixed  to  the  right 
of  the  apparatus,  and  which  turns  from  right  to  left,  and  vice 
versa. 

F. — The  regulator  of  the  intermissions. 

A  piece  of  copper  is  fixed  to  the  base  of  the  apparatus,  to  the 
left  of  the  large  wheel.  It  is  traversed  by  a  screw,  D,  to  which  is 
soldered  a  brass  spring,  I.  By  means  of  the  screw  D  the  spring 
I  can  be  made  to  perform  a  to-and-fro  movement,  which  brings  it 
in  contact  sometimes  with  the  pins  a,  •  upon  the  posterior  face 
of  the  great  wheel  A,  and  sometimes  with  the  plate  G,  which 
supports  the  latter.  Oae  of  the  extremities  of  the  inner  (thick) 
wire  of  the  coil,  and  of  the  outer  (fine)  wire  of  the  coil,  communi- 
cates with  this  plate  G.  The  brass  spring  I  is  in  relation,  by  a 
copper  wire,  with  the  left  side  U,  of  the  commutator  of  the 
coHs  T. 

G. — Graduator  of  the  currents. 

Two  tubes  of  copper,  H,  H,  covering  the  reels  which  are  placed 
under  the  arms  of  the  magnet,  and  connected  by  a  cross-piece  at 
their  posterior  extremity,  are  pulled  out  or  pushed  in,  gliding  over 
the  reels  by  means  of  the  stem  E.  The  latter,  fixed  to  the  cross- 
piece,  and  terminating  in  a  handle  the  length  of  the  reels,  is  divided 
into  centimetres  and  millimetres.  When  pushed  entirely  within 
the  apparatus,  the  cylinders  cover  the  reels,  and  the  currents  are 
at  their  minimum  of  intensity.  The  currents  are,  on  the  con- 
trary, at  their  maximum  when  the  stem  is  drawn  completely  out  of 
the  apparatus.  Their  intermediate  degrees  of  force  are  in  direct 
proportion  to  the  position  of  the  stem.  This  stem,  therefore, 
merits  the  denomination  of  a  graduator  of  the  currents. 

H. — Commutator  of  the  coils. 

The  commutator  of  the  coils,  T,  is  constructed  like  that  of  my 
volta-faradic  instrument. 

§  II. — Theoey  of  the  Magneto-faeadic  Apparatus. 

The  simultaneous  intermissions  of  the  magnetic  current,  and  of 
that  of  the  central  coil  produced  by  the  rotary  motion  of  the  wheel 
A,  which  puts  in  action  the  armature,  and  the  rheotome,  B, 
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develop  the  phenomena  of  induction  in  tlie  thick  wire  of  the 
central  coil.  The  theory  of  these  phenomena  being  the  same  as 
that  of  induction  in  all  magneto-faradic  instruments,  it  is  unneces- 
sary to  describe  it  here. 

At  the  instant  when  this  induction  is  produced  in  tlie  thick  wire 
of  the  central  coil,  if  union  of  the  two  ends  of  the  fine  wire  of  the 
second  coil  is  effected  by  a  complete  conductor,  a  counter  current 
will  be  developed  in  this  fine  wire,  in  a  direction  opposite  to  that 
of  the  current  of  the  primary  coil.  (The  possibility  of  this  induc- 
tive action  of  the  central  upon  the  secondary  coil,  in  electro-mag- 
netic instruments,  has  been  contested,  on  theoretical  grounds,  by 
MM.  Becquerel.  I  will  hereafter  show,  by  experiments,  that  it 
takes  place  in  my  apparatus.) 

As  one  of  the  terminations  of  the  wire  of  the  primary  coil  and 
of  the  secondary  coil  proceeds  directly  to  P,  the  knob  of  the  rheo- 
phore,  and  as  the  other  extremity  of  these  wires  communicates  with 
the  metallic  plate  G,  which  supports  the  large  wheel,  it  becomes 
necessary  to  bring  this  plate  into  relation  with  P',  the  knob  of  the 
second  rheophore.  The  regulator  of  the  intermissions,  D,  fulfils 
this  condition  completely ;  because  it  communicates  with  the  knob 
P'  by  a  copper  wire,  and  it  is  brought  in  contact  either  with  the 
plate  Gr,  or  with  the  pins  a  of  the  great  wheel  A,  fixed  to  that  plate, 
by  means  of  the  to-and-fro  movement  effected  by  the  knob  D. 

If  it  be  wished  to  pass  rapid  currents  through  the  conducting 
cord  of  the  rheophore  attached  to  the  knob  P,  it  is  evident  that 
the  knob  D  should  bring  the  spring  I  into  relation  with  the  plate 
Gr,  which  is  itself  in  relation  with  the  other  extremity  of  one  of 
the  two  wires.  But  if  the  spring  I  only  communicates  with 
the  plate  G  by  the  pins  a  of  the  large  wheel  A,  the  current 
will  only  reach  the  knob  P'  four  times,  or  twice,  or  even  once, 
for  each  revolution  of  the  large  wheel.  Consequently,  the  con- 
ductors of  the  electrodes  attached  to  the  knobs  P  and  F  receive 
only  one,  or  two,  or  four  intermissions  per  revolution,  when  the 
spring  touches  the  pins;  while  they  receive  the  rapid  current 
(thirty-two,  or  sixty-four  intermissions  per  revolution)  when  the 
spring  touches  the  metallic  plate  G.  I  therefore  call  the  knob  D, 
which  moves  the  spring,  the  regulator  of  the  intermissions. 

The  commutator  of  the  coils  acts  in  the  same  way  as  that  of  the 
volta-faradic  apparatus. 

I'or  the  theory  of  the  graduation  of  the  two  currents,  I  must  refer 
to  what  has  been  said  on  the  same  subject,  with  regard  to 
the  volta-faradic  apparatus.  I  shall  hereafter  explain  how  to 
administer  the  most  powerful  or  the  most  feeble  doses  with  ray 
magneto-electric  instrument. 

T 
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§  III. — Explanation  op  the  principal  properties  of  the 
Double-current  Magneto-faradio  Apparatus  and  the 
different  combinations  which  have  governed  its  con- 
struction. 

Although  double  induction  had  not  previously  been  applied 
to  magneto-faradic  instruments,  I  had  no  doubt  of  the  possibility 
of  obtaining  it.  I  have  described  how,  and  by  what  series  of 
researches,  I  was  led  to  its  realization. 

The  MM.  Becquerel,  however,  physicists  of  great  scientific 
authority,  have  disputed  the  possibility  of  producing  double  in- 
duction with  my  magneto-faradic  instrument.  I  may  be  per- 
mitted to  endeavour  to  show,  by  experiment,  that  I  am  not,  on 
this  point,  under  an  error, 

I  must  repeat,  that,  in  my  volta-faradic  instrument,  the  initial 
force  is  mixed,  that  the  induction  of  the  primary  coil  results  from 
the  modification  produced :  first,  by  the  battery  current  circulating 
through  the  coils  of  its  helix  in  an  intermittent  manner  ;  secondly, 
by  the  influence  of  the  temporary  magnet. 

I  have  already  stated  (Chap.  I.,  Part  III.  §  1,  page  30)  that  M. 
E.-  Becquerel  attributes  the  special  physiological  phenomena  of 
the  current  of  the  secondary  coil  to  the  direct  influence  of  the 
temporary  magnet.  It  will  be  remembered  that,  in  order  to  prove 
how  unfounded  was  this  hypothesis,  I  made  experiments  without 
placing  the  soft  iron  core  in  the  centre  of  the  inductive  helix : 
and  that  the  phenomena  peculiar  to  the  current  of  the  secondary 
helix  were,  none  the  less,  very  powerfully  produced  (see  experi- 
ment, page  29). 

A  physicist,  celebrated  for  his  disco /eries,  and  of  no  less  scien- 
tific authority  than  MM.  Becquerel  — M.  de  la  Eire — has  thus 
written,  with  reference  to  this  experiinent,  which  I  repeated  in  his 
presence  : — • 

"  I  must  admit,  with  M.  JDuchenne,  that  tlie  current  tvhich  circu- 
lates through  the  jorimary  coil  must  certainly  act  upon  the  wire  of  the 
secondary,  since  we  Jcnow  that,  even  when  there  is  no  soft  iron  core, 
induction  is  produced.''  But  he  is  careful  to  add,  "  The  presence 
of  the  soft  iron  increases  the  induction  in  an  enormous  degree,  and 
the  two  actions,  coinciding  to  produce  the  same  effects,  greatly 
increase  them.  The  current  induced  in  the  second  wire  is  there- 
fore precisely  like  that  ivhich  induces  the  direct  action  of  tlie  magnd, 
and  hence  I  am  unable  to  discover  in  this  anything  but  a  current 
of  the  first  kind,  and  not  a  current  of  the  second  kind,  as  believed  by 
M.  Duchenne." 


'  De  la  Rive,  loo,  cit.  t.  iii.,  p.  581. 
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I  am  willing  to  bow  before  the  great  autliority  of  M.  de  la  Kive, 
but  I  must  nevertheless  ask  permission  to  remind  him  of  an 
experiment  which  he  witnessed  in  my  laboratory."  He  has,  with- 
out doubt,  forgotten  that  I  showed  him,  with  the  primary  coil  of 
my  double-induction  instrument,  the  physiological  power  of  the 
extra  current,  comparatively,  with  and  without  the  soft  iron  core. 
We  then  saw  that,  under  the  influence  of  the  magnetization  of  this 
iron  core,  the  power  of  induction  of  the  extra  current  was  increased 
in  a  considerable  proportion.  Is  it  not  reasonable  to  conclude 
that,  under  these  circumstances,  the  greater  part,  if  not  the  whole, 
of  the  power  of  the  temporary  magnetization  was  employed  to 
influence  the  primary  coil,  and  thus  to  increase  the  energy  of  the 
extra  cun-ent  ?  But  in  order  to  admit,  with  M.  de  la  Eive,  that 
the  induced  current,  which  is  then  developed  in  the  completed 
circuit  of  the  superposed  secondary  coil,  is  precisely  like  that 
■which  induces  the  direct  action  of  the  magnet,  it  would  be  neces- 
sary, I  think,  to  prove  that  the  magnet  then  ceases  to  exercise  its 
influence  upon  the  primary  coil,  which  is  the  nearest  to  it,  and 
removes  its  action  to  the  secondary  coil,  which  is  the  most  remote 
from  it.  But  I  am  not  aware  that  this,  which  to  me  seems 
improbable,  has  ever  been  demonstrated. 

It  is  after  having  made  the  foregoing  experiments,  and  after 
having  interpreted  them  in  this  manner,  that  I  think  I  am  autho- 
rized to  formulate  the  following  conclusions : — 

1.  In  the  volta-electric  instruments,  the  temporary  magnetiza- 


^  Before  forming  an  opinion  of  the 
value  of  my  electro-pliysiological  and 
therapeutical  researches,  and  especially  be- 
fore criticising  them,  this  philosopher  has 
not  only  thoroughly  studied  what  I  have 
written,  hut  has  also  done  me  the  honour 
to  seek  from  me  explanations  with  regard 
to  my  instruments.  Then,  experimenting 
upon  himself,  I  have  been  able  to  show 
him  the  reality  of  the  chief  special  or 
differential  physiological  actions  of  the 
currents  of  the  primary  or  of  the  secondary 
coils. of  these  instruments. 

To  the  opinion  of  M.  E.  Bccquerel,  who 
Vi'ritea,, 'Hhe  extra  current  and  the  current 
of  the  first  kind  do  not  possP88  elective  pro  ■ 
perties  over  this  or  that  function,  hut  they 
have  an  action  more  or  less  energetic,  hy 
reason  of  their  tension,"  it  is  interesting 
to  oppose  that  of  M.  <le  la  Rive,  who  has 
endtavoured  to  explain  the  difference  be- 
tween the  physiological  properties  of  the 
two  currents — a  difference  such  that  they 
cannot  bo  substituted  for  one  another  in 
practice,  and  that  depends,  according  to 
hiiD,  not  only  upon  the  induced  current 


possessing  greater  tension  than  the  extra- 
current,  but  also  upon  its  being  in  general 
more  momentary,  and,  lastly,  upon  its 
being  composed  of  two  currents  passing 
alternately  in  contrary  directions ;  while 
the  extra  current  is  composed  of  one 
induced  current  only,  passing  always  in 
the  same  direction. 

"  We  must  here  remember,"  says  M.  de 
la  Rive,  "  that  we  may  have,  between  the 
extra  current  and  the  cnircnt  induced  in 
the  second  wire,  olher  physical  diH'orencos 
than  those  relating  to  quantity  or  inten- 
sity; and  that  hence,  although  we  may 
conslruct  colls,  in  which,  as  regards  the 
last-named  qualities,  the  currents  shall  be 
alike,  they  may  still  differ  from  one  an- 
other. In  the  first  place,  the  extra  current 
is  never  composed  of  more  than  a  single  in- 
duced current,  which  always  passes  iu  tils 
same  direction  with  the  battery  current, 
while  the  induced  current  jiroperly  so- 
called,  is  composed  of  two  instantaneous 
currents,  passing  alternately  in  opposite 
directions.  This  difference  may  well  pro- 
duce a  difference  of  physiological  action." 
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tiou  acts  as  a  second  initial  source,  nearly  in  the  same  manner  as 
the  battery,  upon  the  wire  of  the  primary  coil,  the  current  of 
which  it  reinforces,  and  which,  in  its  turn,  reacts  upon  the  current 
of  the  secondary  coil,  so  that  the  power  of  this  last  current  is  pro- 
portionately increased.  In  the  magneto-farad ic  instruments,  the 
initial  force  is  more  simple ;  it  is  the  intermittent  changes  in  the 
state  of  the  fixed  magnet  which  produce  induction  in  the  wire 
coiled  immediately  around  it.  But  the  power  of  this  induction  is 
very  feeble,  if  exerted  by  that  influence  alone,  or,  in  other  words, 
only  by  the  rotary  movements  of  the  armature.  In  order  that  the 
induction  should  acquire  power,  it  is  necessary  that  the  solutions 
of  contact  should  take  place  in  the  wire  of  the  coil,  at  the  moment 
when  the  modifications  of  the  magnet  are  at  their  maximum  (a 
little  before  the  contact  reaches  the  vertical  or  horizontal  position). 
Such  are  the  arrangements  of  the  primary  coil  of  my  magneto- 
faradic  apparatus ;  the  solutions  of  contact,  which  are  produced  by 
the  rheotome,  occur  only  in  the  thick  wire  which  immediately 
surrounds  the  fixed  magnet ;  the  long  fine  wire,  which  is  rolled 
round  the  thick  wire,  has  no  communication  with  the  rheotome. 
If  we  suppress,  in  the  thick  wire,  the  solutions  of  contact  produced 
by  the  rheotome,  the  current  in  the  fine  wire  of  the  outer  coil 
immediately  becomes  extremely  weak,  just  as  if  we  produced,  by 
the  same  rheotome,  solutions  of  contact  in  the  fine  wire.  The 
intensity  of  the  current  of  the  last  then  increases  a  little,  but 
remains  very  feeble,  as  compared  with  that  which  is  developed 
when  the  solutions  of  contact  occur  in  the  thick  wire.  The 
following  is  the  proof : — 

Experiment.— The  power  of  tlio  current  developed  in  the  fine  wire  of  my 
magneto-faradic  apparatus  is  considerable.  But  if  the  solutions  of  contact  of 
the  wire  of  the  primary  coil,  produced  by  the  rheotome,  ai*e  suspended  (whidi 
may  be  effected  in  my  instrument  by  turning- the  knob  Q,  fig.  64,  fi-om  right  to 
left),  that  is  to  say,  when  the  cm-rent  forme(d  by  the  wire  of  the  primary  coil 
remains  interrupted,  the  power  of  the  cnrrent  of  the  secondary  coil  is  so 
diminished  that  it  can  scarcely  be  felt,  even  by  placing  the  rheophores  upon 
the  lips.  Even  when  the  solutions  of  contact  ai'e  produced  by  the  rheotome 
in  the  wire  of  the  secondary  coil  itself— an  effect  which  I  have  obtained  by  a 
simple  mechanism,  in  an  apparatus  constructed  pui-posely  for  these  experi- 
ments—its current  is  still  infinitely  more  feeble  than  when  the  same  coil  is 
induced  by  the  primary  one. 

I  have  thought,  and  the  idea  has,  without  doubt,  presented  itself 
to  the  minds  of  my  critics,  although  they  have  not  succeeded  in 
expressing  it  very  clearly,''  that  possibly  my  primary  coil  acted 


'  I  here  quote,  precisely,  the  criticism  j  properties  of  its  two  coils:  "In  the  mag- 
which  one  of  my  learned  oiiponents,  M.  neto-eUctric  apparatus  of  M.  Ducheiuie," 
A.  Beccpierel,  has  bestowed  upon  my  |  he  tays,  "  two  wires  are  coiled,  one  over 
magneto-faradic  instrument,  and  upon  the  |  the  other,  around  a  tixed  magnet,  the  first 
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upon  the  second  coil  like  a  copper  tube,  and  masked,  or  neutralised 
its  power ;  and  that  the  sudden  inteiTuption  produced  bj'  the  in- 
termissions permitted  the  physiological  action  produced  by  the 
iufluence  of  the  current  of  the  secondary  coil  upon  the  magnet,  to 
display  itself  in  all  its  force.  If  such  were  the  influence  exerted 
by  the  primary  upon  the  secondary  coil  in  my  electro-magnetic 
instrument,  no  one  could  regard  it  as  an  induction  phenomenon. 
But  it  has  been  shown,  by  experiment,  that  this  is  not  the  case.  I 


thicker  and  shorter,  and  the  second  finer 
and  longer.  According  to  M.  Duchenne, 
the  current  produced  in  the  former  wire 
is  an  induced  current  of  the  first  order 
(of  the  primary  coil),  and  the  current  pro- 
duced in  the  hitter  wire  is  determined 
by  the  influence  of  the  former,  and  is  an 
induced  current  of  the  second  order  (of 
the  secondary  coilj.  M.  Duchenne  is 
deceived.  The  currents  produced  in  the 
tico  wires  are  holli  under  the  influence  of  a 
magnet  loMch  destroys  the  effect  produced 
hy  the  first  wire  upon  the  second,  or  rather 
reduces  it  to  something  extremely  small. 
The  current  produced  in  the  first,  and  that 
produced  in  the  second  loire,  are  both 
induced  currents  of  the  first  kind  ;  only 
the  former,  produced  in  the  shorter  and 
thicher  wire,  is  a  current  of  less  tension 
than  that  produced  in  the  longer  and  finer 
loire,  and  consequently  produces  less  ener- 
getic effects  upon  the  shin  and  upon  the 
retina." 

Is  there  occasion  to  show  the  small 
value  of  the  following  experiments,  which, 
according  to  my  opponent,  prove  incon- 
testably  the  truth  of  his  assertion  ? 

I.  ''  Around  a  fixed  magnet,"  he  says, 
"  roll,  by  superposition,  two  wires  of  equal 
diameter  and  length,  and  cause  the  arma- 
ture of  the  soft  u-on  to  act  by  rotation  ; 
an  induced  current  of  the  first  order  will 
be  produced  in  each  wire." 

Yea,  if  tlie  cu'cuit  of  the  first  coil  is 
neither  completed  nor  intemipted  by  solu- 
tions of  contact  produced  in  its  wire  by  a 
commutator,  as  in  my  double-coil  instru- 
ment; but  then  tlie  experiment  proves 
nothing  against  my  theory.  But  if,  on 
the  contrary,  my  learned  opponent  were 
placed  in  the  same  conditions  that  obtain 
in  my  magneto-electric  instrument,  after 
the  explanations  of  its  mechanism  and  of 
its  action  that  I  have  given  above,  lie 
would  doubtless  abandon  his  opinion  as 
untenable.  In  his  experiment,  then,  tlic 
current  of  the  second  wire  evidently 
receives  the  influence  of  the  current  of  tlie 
first  wire,  resulting  from  the  simultaneous 
action  of  the  magnet,  and  of  the  solutions 
of  contact  in  this  wire,  as  I  have  already 
explained. 


n.  After  having  related  the  foregoing 
experiment,  M.  A.  Becquerel  adds,  "  the 
current  of  the  first  wire  will  be  more  in- 
tense than  that  of  the  second,  the  cm-rent 
of  the  second  less  intense  than  that  of  the 
first,  by  reason  of  its  greater  distance 
from  the  magnet.  The  cm-rent  of  the 
second  wire  will  no  longer  produce  the 
special  effects  of  the  so-called  currents  of 
the  second  kind." 

From  the  last  point  of  view,  this  experi- 
ment proves  absolutely  nothing,  for  many 
reasons :  1.  Why  change  the  ordinary 
conditions  of  the  electro-medical  instru- 
ments of  wliich  we  have  to  study  the 
S|)ecial  properties  ?  How  is  t!iat  an  instru- 
ment of  double  induction,  tlie  wires  of 
which  are  of  equal  diameter  ?  2.  There  is 
no  maker  of  volta-faraclic  instruments  who 
does  not  know  that  one  of  the  principal 
conditions  for  obtaining  great  physio- 
logical power  in  the  secondary  (induced) 
coil  is,  that  its  wire  should  not  only  be 
much  finer,  but  also  much  longer  than  the 
inductive  wire.  For  what  reason  should 
it  not  be  the  same  in  a  double-current 
magneto-furadic  apparatus  ?  Let  us  keep 
to  tlie  question,  whicli  is,  to  determine 
the  properties  of  the  current  of  the  secon- 
dary coil,  developed  in  a  wire  that  is  fine 
and  long,  as  compared  with  the  proper- 
ties of  tlie  current  of  the  primary  coil  (extra 
current)  produced  in  a  wire  thut  is  thicker 
and  shorter.  I  have  already  proved  (see 
Cliap.  I.,  Part  IIL,  h,  page  30),  with  re- 
gard to  volta-l'aradic  instruments,  that  the 
physiological  properties  of  the  same  coil 
of  fine  wire  dificr,  accordingly  as  its  cur- 
rent, in  common  language,  is  au,induced 
or  an  extra  current. 

It  is  hard  to  understand  why  it  should 
be  otherwise  with  regard  to  electro-mag- 
netic instruments ;  and  I  therefore  read 
with  much  surprise  the  following  asser- 
tion by  M.  A.  Becquerel.  ''If  a  fixed 
magnet  be  surrounded  by  only  a  single 
wire,  very  fine,  and  very  long,  it  will 
yield  a  current  of  great  tension,  which 
possesses  all  the  properties  of  the  so-cnlled 
currents  of  the  second  kind.''  This  asser- 
tion is  in  direct  contradiction  to  the  facts 
established  by  my  experimental  researches. 
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have  ascertained  that  when,  by  suppressing  the  solution  of  con- 
tact of  the  thick  wire,  and  leaving  its  circuit  interrupted,  there 
remained  only  the  direct  influence  of  the  magnet  upon  the  second 
wire,  the  physiological  effects  produced  by  this  influence  are 
reduced  almost  to  nothing. 

To  sum  up.  In  my  double-current  electro-magnetic  apparatus,  it 
is  the  current  developed  in  the  primary  coil,  under  the  simul- 
taneous influence  of  the  temporary  modifications  of  the  magnet, 
and  of  the  interruptions  produced  in  the  circuit  of  the  thick  wire, 
which  reacts  upon  the  secondary  coil. 

Altliough,  until  quite  recently,  the  above  proposition  was  con- 
sidered inadmissible  by  eminent  physicists,  I  do  not  the  less 
maintain  my  belief  that  it  rests  upon  fact  and  experiments  that 
are  incontestable.  It  has  been  demonstrated,  in  a  more  scientific 
manner,  and  in  more  technical  language,  by  M.  F.  P.  Le  Roux, 
who,  in  his  thesis  presented  to  the  upper  school  of  pharmacy, 
which  I  have  already  had  occasion  to  quote,  has  maintained  that 
my  idea  is  in  great  part  correct,  at  least  in  the  case  of  my  magneto- 
faradic  apparatus. 

The  following  is  an  extract  from  the  thesis,  remarkable  in 
many  other  respects,  in  which  this  important  demonstration  is 
to  be  found.  (The  reader  will  easily  understand  this  demon- 
stration, if  he  is  acquainted  with  the  theory  of  magneto-electric 
instruments  which  M.  Le  Eoux  has  laid  down  in  his  work,  with 
reference  to  the  apparatus  of  Pixii,  and  which  I  have  reprinted 
on  page  287) : — 

"  M.  Duchenne  has  attributed  the  particular  effects  which  he 
has  observed  in  his  second  coil,  to  the  action  of  currents,  the 
distribution  and  intensity  of  which  are  different  from  those  of 
the  currents  which  are  induced  in  the  primary  coil.  Others, 
on  the  contrary,  have  thought  that  the  two  coils  differ  only  in 
the  length  of  their  wires.  I  am  induced  to  believe  that  what  is 
wanting  to  the  idea  of  M.  Duchenne  is  to  be  supported  hj  p'ecise 
reasoning,  and  that  it  is  in  the  main  correct,  at  least  in  the  case  of 
his  magneto-faradic  a])paratus. 

"  It  -may  be  regarded  as  proved  that,  in  all  magneto-electric 
instruments  of  small  dimensions,  the  alternations  of  magnetization 
and  demagnetization  are  insuflicient  to  produce  currents  capable 
of  causing  shocks,  whatever  be  the  speed  of  the  armatures  ox  the 
reels,  or  whatever  the  length  of  the  wires ;  while  the  interruption 
of  the  current,  near  the  time  of  its  maximum  intensity,  causes  them 
energetically.  The  reason  of  this  is,  that  the  diminution  of  inten- 
sity which  takes  place  at  the  moment  of  an  interruption  is  much 
more  rapid  than  the  most  rapid  demagnetization  that  can  be  pro- 


DOUBLE-CUERENT  MAGNETO-FA  RADIO  APPARATUS.  279 


duced  by  movements  of  approximation  or  removal  operating 
mechanically."'* 

This  understood,  when  we  interrupt  the  current  at  the  moment 
of  its  maximum,  it  is  as  if  we  should  interrupt  a  constant  current, 
and  it  produces  an  extra  current,  the  curve  of  which  lias  been 
already  given,  and  which  we  here  will  reproduce  (fig.  65). 


Fig.  65.  Fig.  66. 

Fig.  Above :  approximative  representation  of  tlie  current  induced  by  the  movement  of  tlie  reels  of 
a  Clarice's  maciilne ;  below:  a  mure  exact  representation. 

Kig.  66. — Abooe :  representation  of  tLie  extra  current  of  interruption ;  helow :  representation  of  the 
current  induced  by  this  extra  current. 

"It  would  seem  that  the  arcs,  which  intercept  at  the  point  B, 
should  be  in  excellent  condition  of  form  to  give  rise  to  intense 
induced  currents.  That  is  true,  but  it  must  be  remembered  that 
unity  of  time  is  here  represented  by  a  very  short  space,  so  that,  if 
we  wish  to  represent  the  interval  of  time  Aq  Bq  with  the  same  unity 
that  has  been  employed, — for  example,  in  fig.  65,  to  represent 
the  cessation  of  an  interrupted  current, — it  would  be  necessary 
to  give  to  Aq  Bq  a  length  several  hundred  times  greater.  It  is 
manifest  that,  when  thus  extended,  the  curve  of  the  current  of  the 
reel  would  present  only  an  insensible  sinuosity,  when  compared 
with  that  of  the  current  of  interruption. 


'  It  may  be  inquired  how  it  happens 
that  an  extra  current  is  not  produced  at 
the  moment  when  a  Clarke's  reel,  for 
example,  passes  before  the  polo  of  a 
maf^net,  since  at  that  moment  the  current 
suddenly  changes  its  direction,  as  has 
been  stated  above ;  and  it  would  seem 
thnt  a  change  of  direction  of  this  kind 
should  be  even  more  efficacious  than  an 
interruption.  But,  in  fact,  the  sudilcn 
change  represented  by  the  curve  is  only  a 
fiction  ;  in  reality,  the  change  is  relatively 
rapid  but  not  sudden,  because  wo  liave 
not  mathematical  points  which  pass  one 


before  the  other ;  and  the  relatively  con- 
siderable dimensions  of  tlie  reels  of  the 
magnets  cause  the  action  to  din\inish 
from  a  certain  movement,  and  to  increase 
again.  Tho  decrease  which  really  occurs  in 
the  vicinity  of  B,,  (fig.  G5),  however  rapid 
it  may  be,  is  still  very  slow  as  compared 
to  tho  return  of  the  natural  state  in  a 
circuit  that  is  interrupted. 

Fig.  65  siiows,  by  its  lower  curve,  what 
would  be  the  actual  distribution  of  the 
intensity  of  the  currents  in  one  of  Clarke's 
reels. 
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"We  may  therefore  easily  understand  that  the  mechanical 
variation  can  only  give  rise  to  induced  currents  that  are  scarcely 
appreciable  when  compared  with  those  that  are  produced  by  in- 
terruption of  a  current  by  solution  of  the  circuit. 

"  If,  on  the  contrary,  we  place  this  extra  current  in  relation  with 
the  circuit  upon  which  it  can  act  inductively,  it  will  determine 
the  induced  current  represented  in  fig.  65.  Its  negative  part  is 
slightly  marked,  but  it  is  not  the  same  with  its  positive  part, 
which  may  possess  a  greater  intensity,  and  may  present  a  more 
sudden  variation,  than  the  extra  current  itself,  so  that  it  may  also 
differ  from  the  latter  in  its  effects  upon  the  organism. 

"  Such  a  conclusion  would  be  evidently  out  of  the  question,  if 
the  circuit  of  the  second  coil  were  only  subject  to  the  influence 
of  the  first.  But  would  it  be  the  same  when  the  second  coil,  like 
the  first,  is  in  the  presence  of  a  magnet,  the  magnetization  of 
which  is  determined  by  the  variations  of  intensity  ? 

"  We  commenced  by  observing  that,  as  the  second  coil  included 
in  its  circuit  the  human  body,  the  resistance  of  which  is  very 
great,  the  inductions  due  to  variations  of  the  intensity  of  the 
magnet  could  develop  but  a  feeble  current ;  and  that,  moreover, 
this  current  not  being  subject  to  interruption  by  the  rheotome, 
there  will  be  in  the  M'ire  no  sensible  extra  current,  so  that  I  cannot 
see  any  condition  capable  of  causing  an  appreciable  disturbance  in 
the  effects  of  the  induction  produced  in  the  second  coil  by  the 
extra  current  of  the  fi.rst. 

"  Such  is,  in  my  judgment,  the  proper  manner  of  regarding  the 
phenomena  exhibited  by  electro-magnetic  instruments ;  the  induc- 
tive effect  of  the  extra  current  of  the  first  coil  should  he  the  chief 
cause  of  that  which  passes  through  the  second."^ 

B. — The  Rheotome. 

In  my  instrument,  by  means  of  a  special  mechanism,  the  inter- 
mission can  be  obtained  either  twice  or  four  times  for  each  revolu- 
tion of  the  soft  iron,  according  to  the  indications.  In  order  pro- 
perly to  appreciate  the  importance  of  this  arrangement,  from  a 
practical  point  of  view,  it  is  necessary  to  recall  the  theory  of  those 
phenomena  which  are  produced  in  the  common  magneto-faradic 
instruments. 

This  theory  has  been  stated  in  the  first  chapter.  It  has  there 
been  shown  : — 1,  that  two  intermissions  of  the  rheotome,  for  each 
revolution  of  the  soft  iron,  produce  four  inductions,  of  which  two, 
powerful  ones,  occur  at  the  moment  of  the  intermissions ;  2,  that 


°  F.  P.  Le  Roux,  foe.  cit.,  p.  3(5. 
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four  intermissions  of  the  rheotome,  for  each  revolution  of  the  soft 
iron,  produce  four  inductions  of  equal  force ;  3,  that  the  currents 
which  arise  from  these  different  inductions  proceed  alternately  in 
contrary  directions. 

If,  then,  we  faradize  with  two  intermissions  for  each  revolution 
of  the  armature,  we  should  obtain  two  powerful  actions,  and  the 
current  will  travel  each  time  in  the  same  direction.  Tlie  two  other 
actions,  during  which  the  current  passes  in  a  contrary  direction, 
are  so  feeble,  that  in  man  they  give  rise  to  no  appreciable  pheno- 
mena, unless  directed  upon  the  retina,  when  they  produce  a  phos- 
phene.  Hence,  by  the  aid  of  its  regulator,  the  spring  of  the 
rheotome  must  be  so  placed  as  to  give  two  intermissions,  when 
it  is  desired  that  the  currents  should  pass  always  in  the  same 
direction. 

We  may  therefore  apply  my  magneto-faradic  apparatus,  the  in- 
termissions of  which  occur  but  twice  for  each  revolution  of  the 
armature,  to  the  study  of  the  influence  exerted  by  the  direction 
of  the  currents  upon  the  contractility  or  the  sensibility.'  The 
same  study  cannot  be  pursued  with  four  intermissions  to  each 
revolution  of  the  armature ;  because  the  four  inductions  act  with 
equal  force,  and  alternately  in  opposite  directions. 

The  four  intermissions  per  revolution  produce  a  current  of 
double  rapidity.  Their  employment  therefo're  fulfils  numerous 
indications  ;  as  when  we  wish  to  act  specially  upon  the  sensibility, 
or  to  study  the  muscular  functions  by  the  aid  of  faradization.  But 
although,  with  four  intermissions,  the  current  is  twice  as  rapid  as 
in  the  instrument  of  Clarke,  which  gives  only  two  intermissions  per 
revolution,  its  rapidity  is  still  insufficient  for  the  study  of  the 
muscular  functions  of  the  face.  The  same  condition  of  the  rheo- 
tome renders  the  action  of  the  magneto-electric  instruments  upon 
the  cutaneous  sensibility  much  less  powerful  than  that  of  the  volta- 
electric  instruments,  the  intermissions  of  which  may  be  made  by 
the  trembler  with  a  rapidity  that  is  incalculable. 

C. — The  Regulator  of  the  Intermissions. 

No  magneto-faradic  apparatus  is  applicable  to  all  the  require- 
ments of  therapeutics,  unless  it  possesses  a  mechanism  by  which  to 
obtain  one,  tv\'o,  or  four  faradic  excitations  in  the  half-second ; 
instead  of  very  numerous  intermissions  during  the  same  period  of 
time.    I  have  contrived  such  an  arrangement  for  my  magneto- 

'  It  is  well  known  that  the  electro-  i  have  been  used  by  Mattencci  as  the 
pliysiological  phenomena  produced  accord-  '  basis  of  therapeutic  deduction  appli- 
ing  to  the  direction  of  currents  traversing  I  cable  to  man. 
longitudinally  the  nerve-trunksof  animals,  I 
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faradic  apparatus ;  and  have  thus  rendered  it  available  in  every 
case.  The  mechanism  is  extremely  simple,  and  need  only  be 
described,  to  show  its  utility  and  necessity. 

The  action  of  the  regulator  of  intermissions,  D  (iig.  64),  should 
be  combined  with  that  of  the  regulator  of  the  rheotome  B.  The 
former  is  so  arranged  as  to  produce  a  very  rapid  intermittent  cur- 
rent, and  the  second  so  as  to  touch  the  four  teeth  of  the  rheotome. 

If,  on  the  contrary,  the  intermissions  are  to  be  pi-oduced  but 
slowly,  the  spring  of  the  rheotome  should  touch  only  the  two 
teeth  of  the  rheotome  B.  The  following  is  the  reason.  While 
the  spring  touches  one  of  the  pins  of  the  large  wheel,  the  contact 
sometimes  lasts  a  little  too  long  ;  and  it  may  happen  that  two  or 
four  inductions  are  produced,  in  rapid  succession,  at  the  moment 
of  contact,  according  to  the  position  of  the  rheotome :  if  the  latter 
touches  the  four  teeth,  the  four  inductions  which  are  then  pro- 
duced excite  a  more  powerful  sensation ;  if,  on  the  contrary,  the 
spring  touches  but  two  teeth,  the  inductions  will  not  be  sufficiently 
near  together  to  occur  at  the  moment  when  contact  is  produced 
with  one  of  the  pins  of  the  large  wheel.  The  slow  intermissions, 
and  the  sensations  which  they  produce,  will  then  be  more  regular. 

D.  — The  Oraduator  of  the  Currents. 

The  graduating  tube  of  my  magneto-faradic  apparatus  measures 
the  electric  doses  as  exactly  as  in  the  case  of  the  volta-faradic 
apparatus.  The  details  which  I  have  already  given  with  regard 
to  the  latter,  render  it  unnecessary  to  enter  into  the  question 
anew. 

This  system  of  graduation  is  the  only  one  by  which  we  can 
administer  to  all  organs  electric  doses,  proportionately  to  their 
degree  of  excitability,  which,  as  I  have  shown,  is  extremely  variable. 
It  may  be  asked,  however,  whether  the  initial  force  of  magneto- 
faradic  instruments  does  not  itself  vary  so  much  as  to  render 
fruitless  the  employment  of  any  equal  measm-e  ?  It  is  established 
that  a  magnet,  after  being  subjected  to  much  traction  or  friction, 
almost  completely  loses  its  power  to  sustain  a  given  weight.  Does 
this  weakening  diminish  also,  in  the  same  proportion,  the  power  of 
induction?  I  have  related,  in  the  earlier  editions,  experiments 
which  seemed  to  answer  both  questions  in  the  negative. 

E.  — The  Moderator  oftlie  Currents. 

In  the  magneto-faradic  instruments,  as  in  the  volta-faradic,  the 
graduating  tubes  do  not  entirely  neutralize  the  currents  of  the 
coils  they  cover.    It  follows  that  they  would  be  inapplicable  to 
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very  excitable  organs,  or  for  very  delicate  experiments,  unless  we 
could  employ  a  moderator  of  the  currents,  analogous  to  that  of  the 
volta-faradic  instruments. 

I  have  found  in  the  apparatus  itself  the  elements  of  an  excellent 
moderator. 

(a).  The  armature  and  its  motor  system  can  be  moved  away 
from  the  magnet  over  a  range  of  two  centimetres  and  a  half,  by 
means  of  the  screw  N,  called  the  regulator  of  the  armature,  and, 
at  this  distance,  the  influence  of  the  soft  iron  is  considerably 
diminished.  This  simple  moderator  suffices  for  all  operations 
upon  man,  and,  by  combining  its  action  with  that  of  the  graduator, 
permits  the  administrtition  of  extremely  feeble  doses. 

(&).  But  there  are  researches  or  experiments  still  more  delicate, 
— such,  for  example,  as  may  be  practised  upon  the  frog, — which 
require  the  employment  of  doses  that  are  still  smaller,  on  account 
of  the  degree  of  excitability  of  the  organs  of  that  animal.  I  have 
contrived  the  following  arrangement  for  bringing  the  electro- 
magnetic apparatus  infinitely  more  under  control.  By  turning  from 
right  to  left  the  small  screw  placed  over  the  base  of  the  spring 
S'  (one  of  the  springs  which  produce  the  intermissions  of  the 
current  of  the  central  coil  upon  the  teeth  of  the  rheotome  B),  I 
prevent  the  current  of  this  coil  from  passing  through  the  commu- 
tator. It  will  be  understood  that  induction  can  then  only  take 
place  by  the  influence  of  the  soft  iron  upon  the  magnet.  I  do  not 
know  whether  this  experiment  has  ever  been  made  under  the 
same  conditions ;  but  I  can  say  that  the  induction  of  the  magneto- 
faradic  apparatus,  thus  deprived  of  the  simultaneous  intermissions 
occurring  in  the  wire  of  the  coil,  which  immediately  covers  the 
magnet,  is  so  feeble  that  the  current  of  my  powerful  instrument  is 
only  appreciable  by  placing  the  rheophores  between  the  lips.  If, 
then,  after  having  placed  the  soft  iron  at  its  greatest  distance 
from  the  magnet,  we  suspend,  by  the  above  described  metliod,  the 
intermissions  which  occur  through  the  rheotome  B,  the  instrument 
will  produce  only  an  induction  infinitely  feeble,  which  may  still 
be  divided  in  degrees  smaller  and  smaller,  by  sliding  the  graduator 
tubes  over  the  coils.  It  is  thus  that  the  same  instrument,  which 
is  capable  of  affording  currents  of  great  intensity,  may  be  used  to 
test  the  relative  excitability  of  the  muscles  of  the  frog. 

§  IV. — The  manner  of  setting  the  instrument  in  action. 

The  employment  of  the  magneto-faradic  apparatus  is,  fortunately, 
as  we  shall  see,  a  matter  of  extreme  simplicity.  Without  know- 
ledge of  its  construction  or  of  its  theory,  it  is  enough  for  '  the 
physician,  in  order  to  use  it,  to  understand  the  brief  precepts  that 


284  LOCALIZED  ELECTRIZATION. 

I  am  about  to  lay  down.  I  must  therefore  ask,  above  all,  for  an 
attentive  perusal  of  the  following  lines. 

In  order  to  put  tlie  apparatus  in  action,  the  regulator  of  the 
armature,  JST,  must  be  turned  from  left  to  riglit,  until  the  soft  iron 
no  longer  comes  in  contact  with  the  magnet  during  its  rotary- 
motion. 

If  the  employment  of  a  rapid  current  is  indicated,  the  regulator 
of  the  intermissions,  D,  must  be  turned  from  right  to  left,  until  it 
reaches  its  point  of  arrest.  If,  on  the  contrary,  it  is  necessary  to 
produce  distant  intermissions,  the  same  regulator,  D,  must  be 
turned  in  the  opposite  direction,  and  stopped  when  the  needle  of 
the  indicator  points  to  the  number  of  intermissions  which  it  is 
desired  to  obtain  for  each  revolution  of  the  large  wheel.  The 
handle,  turned  from  left  to  right,  should  always  be  moved  very 
quietly,  making  perhaps  two  revolutions  in  a  second. 

In  order  to  graduate  the  currents,  it  is  sufficient  to  remember 
that  when  the  stem  E  is  pushed  witliin  the  apparatus  the  current 
is  at  its  minimum.  The  graduation  of  this  stem  in  millimetres 
renders  it  possible  to  divide  the  electric  doses  in  fractions,  in 
proportion  to  the  excitability  of  the  organs,  and  to  the  require- 
ments of  therapeutics. 

If  the  region  operated  upon  be  highly  excitable,  or,  in  other 
terms,  if  it  is  necessary  to  administer  very  feeble  doses,  the  arma- 
ture must  be  moved  farther  away  from  the  magnet,  by  turning  the 
regulator  N  from  left  to  right. 

If  it  be  desired  to  experiment  upon  the  frog,  the  armature  is 
moved  away  from  the  magnet  as  far  as  possible,  and  at  the  same 
time  the  current  is  cut  off  from  the  commutator,  by  turning  back, 
from  right  to  left,  the  small  screw  at  the  base  of  the  spring  S. 

After  having  thus  diminished  the  power  of  the  apparatus, 
infinitely  small  doses  can  be  measured  with  the  same  exactitude 
as  powerful  ones. 

Lastly,  the  knob  T  of  the  commutator  of  the  coils  must  be 
turned  from  right  to  left,  when  we  wish  to  bring  the  current  of  the 
primary  coil  to  the  knobs  P  and  P',  to  which  the  conductors  of 
the  rheophores  are  fixed.  We  turn,  on  the  contrary,  the  knob  T 
I'rom  left  to  right,  in  order  to  bring  to  the  rheophores  the  current 
of  the  secondary  coil. 

§  Y. — Eecapitulation. 

The  description  of  the  properties  possessed  by  my  magueto- 
faradic  apparatus  has  shown  that  its  invention  constituted  a  real 
progress,  not  only  with  regard  to  its  applications  in  medicine,  but 
also  from  a  purely  physical  aspect. 
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A. — In  its  practical  application. 

It  has  been  shown  that  it  possesses — 1.  Two  currents,  tlie  one  an 
extra  current,  the  other  an  induced  current,  furnished  by  two 
superposed  coils,  each  having  special  pi'operties.  2.  Intermissions 
that  are  slow  or  rapid,  at  the  pleasure  of  the  operator.  3.  Currents 
that  are  either  alternate  or  in  the  same  direction.  4.  An  exact 
and  truly  medical  graduation,  which  measures  the  largest  and  the 
smallest  doses  with  equal  exactness,  thanks  to  a  combination  of 
graduator  tubes  with  the  mechanism  which  I  have  called  the 
moderator  of  the  currents. 

B. — Under  a  physical  aspect. 

(a).  My  apparatus  shows  that  the  metallic  cylinders  are  in- 
duced by  the  coils  as  much  in  a  magneto-faradic  as  in  a  volta- 
faradic  instrument,  which  has  been  disputed  by  the  celebrated 
physicist  of  Vienna,  Herr  Dove ;  and,  further,  that  the  reciprocal 
influence  of  the  coils  and  the  cylinders  is  only  exerted  in  the  parts 
of  the  coils  that  are  covered  by  the  cylinders,  whence  it  follows 
that  the  action  of  the  latter  occurs  in  a  progressive  manner,  and  in 
arithmetical  proportion. 

When,  from  lapse  of  time  and  by  employment,  the  magnet 
becomes  weakened,  its  power  may  be  restored  without  dismounting 
the  apparatus.  The  turns  around  the  arms  of 'the  magnet  of  the 
thick  wire,  which  supplies  the  current  of  the  primary  coil,  enable 
us  to  restore  to  the  magnet  its  original  power,  by  passing  the 
current  of  a  voltaic  battery  through  the  spirals  formed  by  the 
wire.  The  proceeding  is  thus  accomplished : — the  armature  is 
placed  in  contact  with  the  magnet,  and  then  the  current  from 
a  battery  of  eight  or  ten  of  Bunsen's  elements  is  made  to  pass 
through  the  primary  coil,  by  placing  the  positive  pole  upon  that 
one  of  the  springs  of  the  intermissions  which  corresponds  to  the 
north  pole  of  the  magnet,  while  the  negative  pole  is  brought  into 
contact  with  the  spring  to  the  opposite  side.  While  the  voltaic 
current  passes  through  the  primary  coil,  the  magnet  gains  con- 
siderably in  power  (it  will  support  a  weight  of  forty  kilogrammes), 
nnd,  when  the  current  is  interrupted,  although  the  magnet  loses  a 
great  part  of  the  force  which  it  received  from  the  voltaic  current, 
it  yet  preserves  the  maximum  of  magnetic  intensity  which  it 
received  at  the  hands  of  the  manufacturer.  If  the  experiment  be 
repeated,  with  the  poles  of  the  battery  current  couuterchanged, 
the  magnet  is  almost  entirely  demagnetised,  but  can  be  imme- 
diately restored  to  its  original  power  by  acting  as  on  the  first 
occasion.  I  have  often  repeated  these  experiments,  and  can  at 
any  time  magnetize  or  demagnetize  my  apparatus. 
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(6).  Thanks  to  the  combination  of  two  superposed  coils,  formed 
of  wires  of  different  dimensions,  we  have  not  only  the  advantage  of 
obtaining  currents  of  different  kinds,  with  special  physiological 
properties,  but  we  are  also  able  to  exhibit  the  phenomenon  of 
decomposition  of  water  by  the  current  of  the  primary  coil,  the 
wire  of  which  is  of  sufficient  size  to  produce  this  chemical  action, 
without  requiring  to  change  the  reels,  as  in  the  case  of  Clarke's 
apparatus.  I  should  add  that  the  commutator  of  the  coils,  which 
enables  us  to  pass  rapidly  from  one  current  to  the  other,  without 
displacing  the  conductors,  renders  this  experiment  more  easy. 

(c).  Lastly,  my  apparatus  serves  to  show  the  great  difference 
which  exists  between  the  induction  produced  in  the  magneto- 
faradic  instruments,  by  the  sole  influence  of  the  armature  on  the 
magnet,  and  that  which  is  the  result  of  solutions  of  continuity  of 
the  circuit  of  the  primary  coil,  at  the  moment  when  the  armature 
leaves  or  approaches  the  magnet.  The  mechanism  which  permits 
these  experiments  is  very  simple,  since  it  is  sufficient  to  turn  in 
opposite  directions  the  screw  of  the  rheotome  B  (fig.  64),  placed 
at  the  base  of  one  of  the  springs,  in  order  to  transmit  or  to  arrest 
the  current,  the  solutions  of  which  are  made  between  the  teeth 
of  the  ring  placed  upon  the  small  reel. 

These  results  form,  I  repeat,  an  incontestable  progress.  And 
yet,  how  is  it  that  the  apparatus  has  been  disregarded,  to  say  no 
more,  by  the  physicists  whose  electro-physiological  theories,  which 
to  me  seem  erroneous,  I  have  so  often  had  to  dispute  ?  It  is 
because  these  physicists,  ignorant  of  the  requirements  of  those 
physiological,  pathological,  and  therapeutical  researches  for  which 
the  instrument  is  adapted,  are  unable  to  form  an  idea  of  the 
utility  of  the  properties  that  it  possesses ;  it  is,  that  they  have  not 
even  seen  the  instrument  in  action,  and  that  they  only  know  it  by 
a  description  which  they  have  read  without  being  able  to  under- 
stand. A  great  number  of  physicists  have  examined  it,  and  I 
have  found  that  once  showing  it  to  them  has  enabled  them  per- 
fectly to  understand  its  mechanism,  which  they  have  afterwards 
explained  in  their  lectures  or  in  their  works.^  I  can  affirm,  indeed, 


^  I  may  mention,  among  others,  MM. 
De  la  Rive  and  Jamin,  before  whom  I 
have  exhibited  electro-physiological  ex- 
periments which  show  the  different  phy- 
siological notion  of  the  coils  of  my  mag- 
neto-electric apparatus.  I  may  also  quote 
the  opinion  of  M.  Le  Roux  upon  its 
merits : — 

"  This  apparatus  is  unquestionably  more 
complete  than  any  other  of  the  kind.  The 
means  which  it  offers  of  graduating  and 
varying  its  effects  are  numerous;  and 


some  of  them  may  even  appear  super- 
fluous ;  but  it  would  not  be  wise  to  pro- 
nounce, without  much  circumspection,  up- 
on the  identity  of  the  intimate  economy 
of  complicated  phenomena  which  we  see 
only  in  the  aggregate.  IMoreover.  it  is 
necessiiry  to  recognise  that  the  labours  of 
this  author  have  not  been  without  influ- 
ence in  perfecting  the  small  instruments 
which  are  now  at  the  disposal  of  medical 
practice,  and  of  which  there  are  numbers 
presenting  almost  equal  advantages." 
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that  it  is  not  more  difficult  to  understand  than  other  forms  of 
apparatus. 

Pakt  the  Fifth. 

HISTOEICAL  AND  CRITICAL  ACCOUNT  OF  INDUCTION 
INSTRUMENTS. 

In  order  better  to  appreciate  the  value  of  my  induction  instru- 
ments, the  description  and  properties  of  which  have  been  set  forth 
in  the  preceding  Parts,  and  to  judge  of  the  progress  of  the  art  of 
fabricating  electro -medical  instruments,  and  also  in  order  that  the 
physician  may  exercise  an  enlightened  choice  among  these  instru- 
ments, I  proceed,  in  the  following  pages,  to  pass  in  review  the 
principal  forms  of  induction  apparatus,  from  then'  origin  to  the 
present  day.  I  shall  reprint  the  figures  and  description  of  two 
learned  physicists,  and  especially  of  one  of  them,  who,  in  a  work 
I  have  had  occasion  to  quote,^  has  profoundly  studied  electro- 
medical instruments.  In  the  second  place,  I  shall  enter  upon 
certain  critical  considerations,  that  I  have  already  in  great  part 
set  forth  in  1855,  upon  the  electro-medical  instruments  then  in 
use,  and  I  shall  point  out  their  improvements,  as  well  as  the 
desiderata  which  still  remain  to  be  attained. 


§  I.— Historical  Review. 

1 . — Magneto-electriG  instruments. 

A. — Faraday's  instrument. — "The  first  magneto-electric  machine," 
says  M.  de  la  Eive,  was  constructed  by  Faraday  (fig.  67).  It 
consists  of  a  copper 


disc,  c,  movable  in  a 
vertical  plane  upon  a 
horizontal  axis,  and 
which  is  made  to  turn 
between  the  two  oppo- 
site poles  of  a  magnet, 
n.  We  have  seen  that 
if  we  connect  the  two 
ends  of  the  galvano- 
meter g,  the  one,  ^v, 

with  the  axis  of  the  i„=(r„^Anf 

Fig.  67. — Faraday  s  instriimont. 

disc,  the  other,  w', 

with  a  point  on  its  circumference,  the  deviation  of  the  needle 
which  takes  place  in  one  or  the  other  direction,  according  to 


»  F.  p.  Lo  Eoux,  loc.  cit. 
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the  direction  of  the  rotation,  indicates  the  liberation  of  a  constant 
current  in  the  disc.  But  this  current  is  of  very  small  intensity ; 
it  is  incapable  of  producing  chemical  decompositions,  contrac- 
tions, &c.  It  is  the  same  with  the  induction  currents,  which 
are  occasioned  by  the  teiTestrial  magnetism."* 

B. — Instrument  of  Pixii. — "  To  obtain  induced  currents  of 
somewhat  marked  intensity,  it  is  necessary  that  they  should  be 

developed  in  wires  of 
some  length,  in  such  a 
way  that  the  conductor 
which  reunites  the  ends 
of  the  wire  should  be 
moderately  good,  or  at 
least  not  much  inferior 
to  the  wire  itself,  so  that 
the  current  may  traverse 
it,  instead  of  passing 
back  again  by  the  same 
wire  in  which  the  in- 
duction took  place.  M. 
Pixii  was  the  first  to 
construct  an  instrument 
on  this  principle."  ^ 

"  The  instrument  of 
Pixii  is  shown  in  fig.  68. 
A  B  is  a  bar  of  soft  iron, 
curved  in  to  the  form  of 
a  horseshoe,  and  round 
it  is  rolled  an  insu- 
lated copper  wire,  the 
extremities  of  which  are 
shown  at  X,  Y ;  this  electro-magnet  is  fixed.  Opposite  to  it  is 
placed  a  permanent  magnet,  the  poles  of  which  are  seen  at  C 
and  D.  This  magnet  is  supported  by  a  vertical  axis,  M  N,  on 
which  is  mounted  a  pinion,  I,  to  which  a  Avheel,  K,  communi- 
cates movement;  a  handle,  L,  serves  to  put  the  instrument  in 
motion. 

"  As  will  be  seen,  the  poles  C  and  D  of  the  permanent  maguet 
alternately  approach  and  recede  from  the  extremities  of  the 
electro-magnet ;  there  is,  then,  induced,  in  the  wire  covering  the 
latter,  a  current  which  changes  its  direction  with  each  half  turn. 
In  the  original  instrument  of  Pixii  a  sort  of  cam  was  placed  at  G, 


Fig.  63. — Apparatus  of  Pixii. 


■>  De  la  Rive,  TraiU d'dectriciUf  thforique  et  appliquife,  1854,  torn.  i. 
6  Ibid.,  loc.  cit.,  p.  79. 


p.  378. 
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in  order  to  work  a  commutator,  which,  ou  account  of  its  com- 
plexity, has  not  been  represented  in  the  figure.  It  is  enough  to 
say  that  this  part  of  the  apparatus  had  for  its  office  to  conduct  the 
induced  current  always  in  tlie  same  direction.  Clai-ke's  instru- 
ment will  presently  furnish  us  with  an  example  of  a  contrivance 
which  is  more  simple,  and  better  adapted  to  its  purposes. 

"We  can  produce,  by  the  aid  of  Pixii's  instrument,  all  the 
ordinary  effects  of  induced  currents, — heat,  light,  chemical  decom- 
positions, &c. 

■  "  In  order  to  explain  the  effect  of  the  arrangement  which  has 
been  described,  let  A  and  B  (fig.  69)  be  the  projections  of  the 
reels,  and  N  and  S  the  poles  of 
the  magnet,  on  the  plane  described 
by  them  in  their  movement  of 
rotation,  which  is  supposed  to 
occur  in  the  direction  indicated 
by  the  arrows, 

"  The  pole  N  retires  fi-om  the 
wheel  A ;  the  pole  S  approaches 
it ;  as  the  two  poles  are  of  con- 
trary names,    their  actions  upon         Fig.  eg.-Xheory  of  Pbdl's  arrangement 

tile  reel  A  concur. 

"  They  concur  also  upon  the  reel  B,  but  the  current  originating 
in  this  reel  is  the  opposite  of  that  which  originates  in  the  reel  A ; 
and  for  these  currents  to  combine  it  is  only  necessary  to  connect, 
in  a  convenient  manner,  the  wires  which  are  rolled  round  the 
reels ;  and  it  is  sufficient  for  this,  that,  if  we  suppose  the  horse- 
shoe-shaped iron  to  be  set  upright,  the  wire  should  be  wound  in 
the  same  direction  round  both  its  branches. 

"  Tlie  inductive  action  is  at  its  minimum  when  the  poles  are 
equi-distant  from  the  reels,  but  it  does  not  cease.  At  the  moment 
Avhen  the  poles  are  very  near  the  reels,  the  action  is  much  greater, 
and  it  attains  its  maximum  when  the  poles  are  opposite  the  reels ; 
but  at  this  moment  the  induction  changes  its  direction,  because 
the  movement  which  approximated  each  of  the  poles  to  the  reel 
before  which  it  passed,  then  removes  it." 

After  having  described  the  appfn-atiis  of  Pixii,  M.  Le  Roux  has 
stated  the  following  theory  of  magneto- electric  instruments,  which, 
by  reason  of  its  novelty  and  importance,  merits  to  be  here  repro- 
duced : — 

"  The  curve  of  the  intensities  of  the  current  may  be  exhibited 
as  in  fig,  70,  where  the  distance  Aq  and  Bo  represents  the  time  in 
which  each  pole  passes  from  the  reel  A  to  the  reel  B,  and  so  on. 

"  In  reality,  the  passage  from  the  positive  arc,  a  m  h,  to  the 
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negative  arc,  d  m  V,  does  not  occur  so  suddenly  as  is  here  indi- 
cated, because  the  extremities  of  the  reels  and  of  the  magnets 
are  not  mathematical  points,  but  possess  considerable  transverse 
dimensions.    We  shall  return  hereafter  to  this  question. 

"  We  may  say  at  once,  although  it  is  foreign  to  the  subject  of 
Pixii's  apparatus,  that,  if  we  cause  the  current  engendered  to  act 
upon  a  second  circuit,  we  obtain  an  induced  current,  which  mil  be 
an  induced  current  of  the  second  kind,  caused  by  magnetic  induc- 
tion, and  the  distribution  of  which  is  shown  in  fig.  71. 

"  In  this  figure  the  tipper  curve  is  an  ideal  representation  of  the 
intensity  of  the  current  consequent  upon  the  variations  of  distance 

between  the  reels  and 


the  magnets,  and  is 
such  as  would  be  ob- 
tained by  taking  no- 
thing but  these  varia- 
tions into  account ;  it 
presents  a  perfectly 
symmetrical  outline. 
But  this  variable  cur- 
rent, being  able  to  in- 
duce a  second  circuit, 
will  induce  its  own  in 
such  a  manner  that  we 
shall  have  verv  nearlv 
the  true  curve  of  tlie 
intensities  of  the  cur- 
rent of  the  reels  by 


°  The  upper  trace  shows  the  current 
induced  iu  the  reels  of  Pixii's  iustrument. 


The  lower  trace,  the  induced  currcut, 
caused  by  a  second  circuit. 
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adding  algebraically  the  ordinates  of  the  superior  curve  to  those 
of  the  second,  reduced  to  a  certain  ratio.  The  final  result  would 
be  to  destroy  the  symmetry,  and  to  displace  the  minima,  as  if 
there  were  some  impediment. 

C. — Ajjjjarahis  of  Saxton.—"  We  shall  readily  perceive  that  it 
was  not  desii-able,  and  that  it  was  perhaps  even  objectionable,  to 
have  so  massive  an  electro-magnet  as  that  of  Pixii;  while,  at 
the  same  time,  it  was  desirable  to  increase,  as  much  as  possible,  the 
power  of  the  permanent  magnet.  It  therefore  became  more  con- 
venient to  fix  the  latter,  and  to  render  the  former  movable.  This 
was  done  by  Saxton,  who  made  Pixii's  instrument  approach 
nearer  to  portability  by 
placing  a  fixed  magnet  hori- 
zontally (see  fig.  72),  and 
by  causing  the  ekctro- 
magnet,  or  induced  reel,  to 
turn  upon  an  axis  parallel 
to  the  plane  of  the  magnet. 

"  It  is  therefore  still  the 
principle  of  Pixii  that  we 
find  in  this  instrument ; 
which,  although  present- 
an  arrangement  less 


mg 


Fig.  ?2.— Saxton's  iDstrnment. 


desirable,  in  a  theoretical  point  of  view,  has  none  the  less  prepared 
the  way  for  the  employment  of  magneto-electric  instruments  in 
medicine." 

In  this  instrument,  the  handle  causes  the  rotation  upon  its  axis 
of  the  armature  of  soft  iron  which  carries  the  reels. 

D. — Clarke  s  apparatus. — There  was  yet  a  means  of  rendering 
the  instrument  still  less  cumbrous,  without  occasioning  any  notable 
diminution  in  its  poiver :  this  was,  to 
render  the  magnet  A  vertical,  and 
to  cause  the  electro-magnet  to  move 
round  a  horizontal  axis  X  X'  (fig.  73) 
in  such  a  manner  that  the  extremities 
of  the  electro-magnet  revolved  in  a 
plane  parallel  to  the  branches  of  the 
permanent  magnet. 

"  Such  an  arrangement  was  realized  x  

by  Clarke,  and  is  shown  in  figure  74. 
A  represents  the  permanent  magnet ; 

and  H  is  the  axis  on  which  the  electro-       ^"'e-  »3.-ciarke's  instrument. 


'  Lo  Rous,  p.  28. 
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maguet  turns.  This  axis  carries  a  pinion,  over  which  passes  a 
Vau  cansou's  chaiu,  carried  by  the  large  wheel  E,  which  is  itself 
turned  by  a  handle. 

"The  electro-magnet  is  no  longer,  as  in  Pixii's  instrument, 
a  single  bar  of  soft  iron  curved  into  horse-shoe  shape;  but 

consists  of  two  distinct 
reels,  G-  and  F,  the  soft- 
iron  centres  of  which  are 
united,  on  one  side,  by 
a  traverse  of  the  same 
material,  and  on  the  other 
side  by  a  traverse  of  a 
material  that  is  not  ma^- 
netic.  This  arrangement 
is  equivalent  to  an  electro- 
magnet formed  in  a  single 
piece,  but  it  is  more  easy 
of  construction,  and  less 
cumbrous. 

"The  analysis  of  tlie 
currents  produced  by  this 
last  apparatus  is  the  same 
as  for  that  of  Pixii's ;  the 
currents  changing  their 
direction  at  each  half- 
revolution  of  the  reels. 
When  it  is  desired  to 
have  a  current  always  in 
the  same  direction,  it  is  necessary  to  interpose,  between  the  reel 
and  the  place  where  the  electricity  is  to  be  used,  a  contrivance 
which,  has  received  the  name  of  the  Bedresser  of  tlie  currents  or 
the  Commutator. 

"  The  following  is  a  description  of  this  contrivance,  in  Clarke's 
instrument : — A  collar,  H,  formed  of  non-conducting  material,  is 
mounted  on  one  of  the  extremities  of  the  axis  on  which,  the  reels 
turn ;  and  two  metallic  half-cylinders,  separated  from  each  other 
by  two  small  intervals  at  diametrically  opposite  points,  are  placed 
upon  the  collar.  Each  of  them  is  permanently  connected  with 
one  of  the  ends  of  the  wire  of  the  reels ;  and  two  springs  are  con- 
stantly applied  over  the  half-cylinders.  By  the  rotation  of  the 
axis,  each  of  the  half-cylinders  comes  successively  into  contact 
with  each  of  the  two  springs. 

"  When  we  wish  to  display  physiological  effects,  we  can  employ 
he  current  without  the  commutator ;  but  the  effects  will  then  be 


Fig.  74. — Clarke's  Instrument. 
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of  slight  intensity.  The  power  of  the  shock  may  be  increased 
by  utilizing  a  final  extra  current  that  may  be  produced  by  the 
following  contrivance. 

"  The  metallic  plates  M  and  N,  communicate  with  the  conductors 
E  and  S,  which  are  represented  in  fig.  74,  and  tlie  circuit  being 
completed  by  any  part  of  the  human  body,  if  we  then  make  a  com- 
munication by  a  metallic  arc  between  the  two  half-cylinders,  the 
current  wiU  take,  by  preference,  this  direction,  in  which  the  resist- 
ance is  extremely  weak,  rather  than  pass  through  any  part  of  the 
body,  so  that  the  latter  will  receive  scarcely  anything ;  and,  more- 
over, the  current  of  the  reels  will  have  its  maximum  of  intensity 
for  the  given  speed  of  rotation  of  the  instrument,  since  the  external 
resistance  is  almost  nil.  If  we  then  interrupt  the  metallic  com- 
munication between  the  two  half-cylinders,  the  intensity  of  the 
current  will  be  reduced  almost  to  zero  by  the  great  resistance  of 
the  human  body,  and  it  will  induce  in  the  reel  a  current  of  inter- 
ruption, of  which  the  intensity  is  very  great,  as  its  electro-motor 
force  is  consideral)le ;  and  which,  during  its  short  duration,  will 
possess  a  new  physiological  quality. 

"  This  extra  current  will  be  stronger,  in  proportion  as  the  cur- 
rent, by  the  interruption  of  which  it  was  engendered,  was  itself 
more  powerful ;  and  it  ought,  therefore,  to  be  produ.ced  at  the 
moment  of  coincidence  of  the  poles  with  the- reels."* 

E. — Pages  instrument. — "  When  we  approximate,  or  remove, 
a  piece  of  soft  iron  to  or  from  the  polar  extremities  of  the  per- 
manent magTiet,  we  produce  in  its  branches  variations  of  magnetism 
which  may  be  used  for  the  induction  of  a  circuit.  This  has  been 
done  by  the  American  physician,  who  has  given  his  name  to  the 
instrument  next  to  be  described. 

"  Page  has  surrounded  the  extremities  of  the  branches  of  a  per- 
manent magnet  with  coils  of  fine  and  long  wire ;  and  by  means 
of  a  screw,  worked  by  the  handle  D  (fig.  75),  this  magnet  can  be 
moved  nearer  to,  or  farther  from,  a  bar  of  soft  iron,  E  F,  which  is 
mounted  perpendicularly  upon  an  axis,  carrying  a  pinion  to  which 
rapid  movement  can  be  communicated  by  a  large  toothed  wheel. 
The  movement  of  the  magnet  is  a  means  of  graduating  the  inten- 
sity of  the  currents  that  are  produced.  These  currents  are  con- 
nected, as  in  Clarke's  machine,  by  a  commutator  mounted  on  the 
same  axis  as  the  soft  iron  ;  to  this  is  added  an  interrupter,  K,  of  the 
same  kind  as  has  already  been  described,  and  which  is  arranged  for 
the  production  of  an  extra  current,  required  for  physiological  action. 

"  In  the  instrument  shown  in  fig.  75,  the  position  of  the  commu- 


'  Lc  Botix,  p.  30. 
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Fig.  15, — Page's  iiiBtrument. 

tator  may  be  regulated  relatively  to  that  of  the  soft  iron,  in  such 
a  manner  as  to  obtain  the  maximum  of  effect,  and  to  exhibit  many 
circumstances  connected  with  the  production  of  induced  currents. 

"  It  should  also  be  remarked  that,  in  this  instrument,  a  complete 
revolution  of  the  soft  iron  produces  four  induced  currents,  changing 
their  directions  alternately ;  while  only  two  are  produced  by 
instruments  of  the  type  of  that  of  Pixii. 

F.  — Instrument  of  Dujardin. — "  Constructed  on  the  same  prin- 
ciples as  the  foregoing. 

G.  — Instrument  of  MM.  Breton,  freres. — "  Its  principle  is  also 
the  same  as  that  of  Page's  instrument ;  but  it  was  one  of  the  first 


Fig  76.— lustruraent  of  Breton,  freres. 
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made  easily  portable,  and  adapted  for  use  in  practical  medicine 
(fig.  76). 

■    "The  means  of  graduation  are  the  same  as  in  Page's  instrument. 

"MM.  Breton,  following  the  example  of  M,  Duchenne,  wound 
two  coils  of  wire  round  the  branches  of  their  permanent  magnet;^ 
the  external  is  formed  by  a  finer  and  longer  wire  than  the  internal, 
and  they  can,  at  pleasure,  utilize  the  induced  currents  that  are 
developed  in  one  or  other  of  these  cuils,  in  the  effects  of  which  they 
can  discover  certain  differences.  We  shall  examine  this  question 
more  fully,  with  reference  to  the  instrument  of  M.  Duchenne."  ^ 

H. — Gaiffes  instrument. — "This  is  at  once  the  instrument  of 
Saxton  and  of  Page ;  or  it  may  be  described  as  Page's  instrument, 


Fig.  77. — Gaiffe's  Instrument. 

in  which  the  bar  of  soft  iron  has  been  replaced  by  Clarke's  electro- 
magnet (fig.  77). 

"The  chief  merit  of  the  maker  of  this  instrument  has  been  to 
understand  that,  as  magnets  have  a  force  relatively  greater  in 
proportion  as  their  weight  is  less,  while  the  induced  forces  rapidly 
increase  as  the  distances  diminish,  there  was  every  ad^'-antage  in 
reducing  the  size  of  the  apparatus,  when  tension,  rather  than 
quantity,  is  desired. 

"  Thus,  the  magnet  of  the  instrument,  represented  above,  weighs 
only  half  a  kilogramme,  and  will  support  about  five  kilogrammes. 

°  Le  Roux,  p.  31.  and  weaker  than  the  present  one.  The 

*  This  arragement   of  the  magneto-  former  is  that  which  is  generally  to  be 

electric  ajijiaratus  of  the  MM.  Breton  found  in  the  Paris  hospitals,  although 

is  quite  recent.    Their  original  instru-  tlio  latter  is  much  to  be  preferred  on 

rncnt  had  only  one  coil ;  and  it  is  smaller  i  account  of  the  recent  improvement. 
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The  coils  of  the  armature  are  formed  by  a  wire  one-tenth  of  a 
millimetre  in  diameter,  and  about  170  metres  in  length;  those 
of  the  magnet  are  formed  by  280  metres  of  the  same  wire. 

"M.  Gaiffe  considers  that  the  coils  of  the  armature  furnisli 
about  two-thirds  of  the  effect,  and  those  of  the  magnet  one-third 
only. 

"  The  currents  of  the  armature  change  their  direction  twice 
during  one  revolution  of  the  axis  on  which  they  are  carried,  while 
those  of  the  coils  rolled  round  the  magnet  change  four  times, — the 
maxima  of  the  two  first  being  considered  as  coinciding  with  two 
of  the  second;  and  it  may  be  said  that,  by  an  arrangement  of  the 
wire,  the  directions  of  the  currents  are  the  same.  As  the  currents 
change  their  direction  in  the  reels  of  the  magnet  before  they 
change  in  those  of  the  armature,  their  effects  are  at  one  moment 
in  part  destructive  of  each  other,  unless  controlled  by  a  com- 
mutator arranged  to  correct  them  singly  in  proper  time ;  but  this 
addition  would  be  an  extreme  and  perfectly  useless  complication, 
because  the  currents  that  are  produced  are  utilized  by  an  in- 
terrupter of  the  kind  that  has  been  described  with  reference  to  the 
machine  of  Clarke. 

"  This  interrupter  acts  only  at  the  moment  when  the  currents 
of  the  armature  are  at  their  maximum ;  because  that  is  the  time 
at  which  is  established  the  additional  action  of  the  two  currents. 

"  The  apparatus  also  possesses  a  redresser  of  the  current  analo- 
gous to  that  of  Clarke,  but  with  no  other  office  than  to  give  the 
same  direction  to  two  discharges  which  are  produced  at  each  revo- 
lution. This  direction  is  indicated  by  marks  on  the  binding-screws 
Avhich  serve  to  give  attachment  to  the  conductors ;  and  the  fur- 
nishing of  such  marks  is  a  care  that  cannot  be  too  strongly  recom- 
mended to  manufacturers.  The  direction  of  the  discharges  is  not 
a  matter  of  indiflerence,  and  manufacturers  should  undertake  to 
furnish  to  practitioners  every  possible  facility  for  determining  it." 

2. — Electeo-Dynamic  Instruments. 

A. — RuhmJcorff's  Induction  Coil. — "  In  the  cases,  although  they 
are  somewhat  rare,  in  which  sjjarks  of  high  tension  are  required, 
there  is  no  better  source  of  them  than  the  instrument  which  has 
gained  for  M.  Euhmkorff  a  well-merited  celebrity.  We  give  (fig. 
78)  an  illustration  of  a  small  model,  Avhich  produces  sparks  eight 
or  ten  millimetres  in  length,  and  which  can  be  borne  when  they 
do  not  succeed  one  another  too  quickly.  These  coils  of  relatively 
strong  tension  may  replace  the  electricity  of  the  ordinary  friction 


-  Lc  Eonx,  he.  cit.,  p.  31. 
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Fig.  t8. — Euhmliortf's  induction  reel. 


macliines,  especially  when  they  are  furnished  with  an  interrupter 
for  giving  isolated  discharges  at  the  pleasure  of  the  operator. 
'  (a).  Biihmlwrff' s  hos- 
pital  apparatus.  —  "  M. 
Euhmkorif  has  recently 
arranged  a  portable  ap- 
paratus, designed  espe- 
cially for  hospital  use, 
and  in  whicli  are  com- 
bined the  conditions 
most  essential  to  secure 
the  regular  employment 
of  induction  currents. 

"  This  apparatus  (fig.  79)  contains  two  elements  of  zinc  and 
carbon  with  bisulphate  of  mercury  ;  the  zinc  can  be  more  or  less 
deeply  immersed  in 
the  liquid,  as  a  means 
of  graduating  the  in- 
ductive effect.  One 
of  these  elements 
suffices  for  ordinary 
cases;  the  second  is 
especially  as  a  re- 
serve. The  mode  of 
graduation  is  by  the 
greater  or  less  inser- 
tion of  one  coil  within 
the  other,  by  which 
the  effect  can  be 
reduced,  if  needful, 
almost  to  zero.  The 
trembler  is  that  of 
Neef ;  and  the  fre- 
quency of  its  inter- 
ruptions can  be  regulated  by  means  of  a  screw.  A  star,  moved 
by  a  small  handle,  enables  the  operator  to  produce  intermittent 
effects. 

"  This  instrument  gives  either  the  extra  current,  or  the  induced 
current  of  the  first  kind." 

(h).  RuhmJcorff s  portahle  apparatus. — "The  same  manufacturer 
has  also  long  made  a  portable  apparatus  specially  iuteiuled  for 
private  practice,  and  which  is  of  much  smaller  bulk  than  the  fore- 
going. 

It  contains  two  elements  of  zinc  and  carbon  with  bisulphate  of 


Fig.  79. — Eubmlcorff's  apparatus. 
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i'ig.  au. — EuhmkoiU's  portable  apparatus. 


mercury  ;  and  tlie  elements  are  extremely  simple.  The  carbon  is 
obtained  from  the  inside  of  gas  retorts,  and  is  in  the  form  of  little 
cups,  in  which  are  placed  thin  plates  of  zinc.  The  mounting  of 
this  battery  is  very  easy ;  and  its  action  continues  sufficiently  long 
for  most  applications.  It  must,  it  is  true,  be  mounted  and  dis- 
mantled at  each  time  of  using. 

"  There  are  two  coils,  which  act  precisely  in  the  same  manner, 
and  are,  indeed,  one  coil  divided  into  two.  The  graduator  is  a 
copper  covering  external  to  the  coils. 

"  The  interrupter  is  the  trembler  of  Neef ;  and  a  star  outside 
the  box  permits  the  production  of  intermissions. 

"  The  apparatus  gives,  at  pleasure,  the  extra  current  or  the  in- 
duced current. 

"  It  is  represented  in  fig.  80  at  one-third  of  its  natural  size."  ^ 

(c).  Dr.  A.  Tripier's  apparatus. — This  is  a  non-portable  apparatus 
with  a  detached  battery.  I  have  reproduced  the  author's  illustra- 
tion, and  part  of  his  description.'' 

"  In  this  figure  (fig.  81)  the  induction  circuit  is  that  of  the  reel 
of  fine  wire,  B  ;  the  commutator  C,  and  the  handle  D  are  so 
arranged  as  to  convey  to  it  the  battery  current,  the  electrodes  of 
which  terminate  at  a  and  a.  The  rheophores  attached  to  the 
polar  extremities  of  the  circuit  B  receive,  by  two  handles,  the  extra 
currents  of  high  tension  that  are  developed  in  the  circuit.  The 
rheophores  attached  to  the  reel  B'  proceed  each  to  one  of  the 
branches  of  a  forceps  for  experimental  purposes,  and  afford  induced 
currents  of  low  tension. 

"  The  endeavour  of  M.  Tripier  is  certainly  praiseworthy,  and  it 


^  Lo  Eoux,  loc.  cit.,  p.  r^O. 
Tripier,    Manuel  d't''lcdro-th(frapie, 
Paris,  1861  (whicli  sec,  for  the  diifereiit 


effects  (hat,  according  to  the  author,  maj' 
be  obtained  by  combinatious  of  different 
parts  of  his  apparatus). 
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is  a  matter  of  gi-eat  interest  to  be  able  to  compare  the  effects  pro- 
duced under  circumstances  that  are  very  different,  and  moreover 
well  defined.  But  it 
was,  perhaps,  not  wise 
to  seek  the  means  of 
this  comparative  study 
in  a  complex  apparatus, 
in  which  the  building- 
up  of  different  parts 
above  one  another 
might  create  a  diver- 
sity of  conditions  diffi- 
cult to  estimate, — such 
as  differences  of  dis- 
tance, of  intensity,  &c. 
In  the  performance  of 
chamber  experiments 
it  is  much  more  simple, 
more  exact,  and  also 
more  economical,  to 
have  a  number  of  reels 
in  which  a  single  con- 
dition varies  from  one 
to  another,  and  all  sup- 
plied by  a  single  inter- 
rupter in  which  the 
motor  is  independent 
of  the  active  current, 
as  arranged  in  some 
models  of  the  inter- 
rupter of  Foucalt." 

(d).  The  ajpjparatus 
ofDu  Bois  Beymond,  or 
of  Siemens  and  Halske 
— "The  battery  cur- 
rent is  brought  to  the 


'  A,  A',  binding-screws,  to  receive  the 
electrodes  of  one  of  the  batteries ;  a,  a, 
binding-sfrews  to  receive  the  electrodes 
of  the  other  battery.  B,  reel  on  which  is 
coiled  the  fine  wire ;  b,  small  reel  of  fine 
wire  containing  witliin  it  an  electro- 
magnet, which  regulates  the  circuit  of 
tlic  preceding.  B',  reel  on  whioii  is  coiled 
the  tliick  wire ;  //,  a  .small  reel  of  thi<'lc 


wire,  containing  an  electro-magnet,  which 
regnlates  the  interrnptions  of  the  circuit 
of  tlie  reel  B',  when  this  is  traversed  by 
tlie  battery-cm-rent.  E,  head  of  the 
stem  wliich  continues  the  central  electro- 
magnet, and  forms  a  handle  for  it.  C, 
connnutat;or.  D,  liandle,  j)laeing  the  ap- 
jmriitus  in  connnunication  with  one  or 
other  of  tlio  batteries. 
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two  binding-screws  A  A'  (fig.  82),  and  traverses  the  electro-magnet 
D,  and  the  inductive  coil  B ;  the  pieces  E,  v,  a,  constitute  a  Neei  's 
trembler.    Tlie  instrument  furnishes  an  extra  current." 


Fig.  82. — Apparatus  of  Du  Bois-Reymond. 

"  A  second  reel  B',  wound  with  a  fine  wire,  may  either  cover  the 
first  completely  or  be  removed  to  a  distance  from  it.  This  is 
the  seat  of  the  induction. 

"The  inductive  coil  contains  wires  of  soft  iron,  the  number  of  which 
may  be  varied  so  as  to  graduate  the  effects  in  another  manner. 

"  The  apparatus  is  very  simple,  and  very  well  contrived  with 
regard  to  experimentation,  and  for  all  that  regards  the  graduation 
of  the  induced  currents." 

(e).  Morins  ajpjparatus. — "  This  instrument  was  one  of  the  first 
to  fulfil  the  conditions  of  convenience  required  for  the  carrying 
out  of  electro-therapeutics  in  jDrivate  practice ;  and  among  the 
most  useful  of  M,  Morin's  arrangements  may  be  reckoned  the  close 
combination  of  the  battery  and  the  induction  coil.  The  com- 
bination was  the  more  difficult,  as  it  was  accomplished  under  the 
condition  of  employing  a  Bunsen's  battery,  only  slightly  modified. 

"Fig.  83  gives  a  general  view  of  the  apparatus.  The  battery 
and  its  accessories  are  placed  in  the  division  to  the  right.  A  is  a 
planchette,  to  which  is  fixed  the  induction  apparatus  properly  so 
called ;  and  at  A'  the  same  system  is  shown  uncovered. 

Fig.  84  exhibits  a  section  of  the  coil.  D  is  a  tube  of  tin,  which 
can  be  withdrawn  at  pleasure,  together  with  various  rods  of  iron 
wire  ;  G  is  a  movable  copper  cover,  which  acts  as  graduator ;  then 

"  Le  Eoux,  loc.  cit.,  p.  53.  The  original  |  influence  of  tiie  coils,  of  which  the  outer 
instruments  of  my  own,  presented  in  1848  |  one  was  movable.  This  disiwsition  has 
to  the  Academy,  had  a  movable  arrange-  |  been  imitated  by  M.  Du  Bois-Reymond ; 
ment  of  the  coils,  the  thick  wire  being  '  I  shall  presently  explain  for  what  reason  I 
interanl  and  fi.\ed ;  and  were  graduated  ;  myself  al)andoned  it. 
in  the  .same  manner  by  the  reciprocal  |     '  lb.,  p.  04. 
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Fig.  83. — Morin's  apparatus. 


comes  the  fine  wire  that  is  the  seat  of  the  induction ;  and  the  thick 
or  inductive  wire  is  placed  external  to  it.  At  e  is  a  small  piece  of 
iron  screwed  into  the  wood  of  the  reel ;  it  becomes  magnetic  under 
the  influence  of  the  current, 
and  attracts  the  contact- 
maker  d.  This  is  formed 
by  a  plate  of  soft  iron  jointed 
at  its  extremity  to  another 
plate  of  the  same  metal,  a, 
placed  at  the  side  of  the 
coil  in  such  a  maimer  as 
to  be  magnetized  by  the 
inductive  current  and  to 
increase  the  attraction.  It 
has  no  antagonistic  spring, 
— its  weight  rendering  one 
unnecessary.  The  contact- 
maker  d  carries  a  small 
plate  of  platinum,  which 
strikes  upon  another  plate 
of  the  same  metal,  the  dis- 
tance of  which  is  regulated 
by  means  of  the  stem  ter- 
minating in  the  knob  h. 
This  knob,  after  it  has  been 
turned  a  certain  number  of 


niD  0  u  n  EAU 


Fig.  81.— Apparatus  of  Lcgciidre  and  Morin. 
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times,  serves  to  produce  more  or  less  rapid  iutermissions,  at  the 
pleasure  of  the  operator. 

"  At  L  is  a  movable  and  flexible  lever,  which  serves  to  establish 
communication  between  the  coil  and  the  battery.  For  this  purpose 
it  carries  a  stem  which  proceeds  to  the  platinum,  I,  that  is  fixed  in 
the  carbon  of  the  battery. 

"The  battery  (fig.  85)  is  composed  of  a  copper  cylinder,  A,  lined 
by  thick  zinc,  E,  and  within  this  a  porous  vase,  C,  containing  a  bar 

of  gas  carbon,  H.  Within  the  porous  vase 
is  put  nitric  acid  or  bichromate  of  potash, 
find  pure  water  outside  it.  A  lid  of  gutta 
percha,  B,  closes  the  whole  system  almost 
hermetically. 

This  battery  presents  the  inconveniences 
inseparable  from  the  use  of  "nitric  acid,  but 
it  has  the  advantage  of  yielding  a  notable 
quantity  of  electricity,  with  that  of  being 
prepared  beforehand,  of  remaining  many 
hours  in  action,  and  of  being  dismantled  at 
leisure;  while  the  small  batteries  of  bisul- 
phate  of  mercury  should  be  prepared  at  the 
bedside  of  the  patient. 

"  The  appar.atus  of  Morin  may  be  regarded 
as  arranged  to  furnish  currents  for  purposes 
in  which  quantity  is  one  of  the  elements 
to  be  regarded ;  while  most  of  the  other 
portable  instruments  have  been  constructed 
chiefly  with  a  view  to  tension,  and  in  order 
Fig.  85.— BatteiyofLegendreand  to  attain  the  mean  limit  of  effect  fixed  by 
Morin  8  instrument.        the- Sensibility  of  our  organs.    The  inventor 
was  desirous,  according  to  his  own  expression,  not  merely  to  con- 
struct an  apparatus  for  giving  shocks,  but  one  that  should  be 
truly  physiological. 

"  The  apparatus  gives  the  extra  current,  the  induced  current, 
and  the  two  together.  M.  Morin  appears  to  have  been  the  first  to 
employ  this  combination."^ 

(/).  The  instruments  of  M.  Gaiffe— This  ingenious  maker  long 
ago  constructed  a  small  and  very  portable  apparatus,  represented 
at  one-fourth  of  its  natural  size  in  fig.  86. 

"  The  battery  and  the  induction  coil  occupy  two  separate  com- 
partments, opening  independently  of  each  other.  The  battery  is 
composed  of  two  elements  of  zinc  and  bisulphate  of  mercury,  con- 


*  Lc  Koux.  p.  75. 
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3  r.au-iicf 


Fig.  86. — Gaifle  s  appaialua. 


tained  in  a  cell  of  hard  caontcliouc,  at  the  bottom  of  which  are 
fixed  two  plates  of  gas-carbon.  The  platinum  wires  that  establish 
the  communication  are  imbedded  in  the  mass,  and  project  beyond 
it ;  the  two  zinc  plates  lie  flat  in  the  place  prepared  for  them ; 
and  the  apparatus  requires  nothing  beyond  the  establishment  of 
the  communications, — nothing  can  be  more  easy  of  manipulation. 

"  The  apparatus  furnishes  the  extra  current,  the  induced  cur- 
rent, and,  if  needed,  the  combination  of  the  two.  The  communi- 
cations are  easy  to  make  :  since  M.  Gaiffe  has  taken  the  precaution 
to  mark  the  direction  of  the  currents  upon  the  binding-screws 
that  receive  the  conductors  to  the  rheophores. 

"  In  the  figure,  L  is  the  small  cell  of  caoutchouc,  containing  the 
two  elements  of  the  battery.  K,  a  tube  containing  a  provision  of 
bisulphate  of  mercury ;  M,  induction'  coil ;  R,  knob  of  the  gra- 
duator  tube  ;  0,  Q,  pieces  of  the  trembler  ;  P,  knob  that  is  pressed 
upon  to  produce  isolated  interruptions;  N,  cylinders;  T,  various 
exciters. 

New-pattern  chloride  of  silver  lattery. — "  M.  Gaifi'e  has  ar- 
ranged a  new  pattern,  the  felicitous  combination  of  which  practi- 
tioners will  not  fail  to  appreciate.  He  has  been  stimulated  by  the 
example  of  M.  Trouve,  whose  hermetically  sealed  pile  will  pre- 
sently be  described  ;  but  he  has  known  how  to  avail  himself  of 
the  valuable  properties  of  the  fused  chloride  of  silver,^  to  which 
Mr.  Warren  de  la  Eue  has  recently  called  attention.  Each  of  the 
elements  of  the  battery  contained  in  Gaiffe's  apparatus  is  composed 


°  A  battery  of  salt  water,  chloride  of 
silver,  and  iron  or  zinc,  had  been  em- 
ployed, nearly  thirty  years  ago,  by  M. 
Becquerel,  in  his  researches  upon  the 
electro-chemical  treatment  of  the  ores  of 
silver  'See  B(.c.|uerel  and  E.  Becijuerel, 
Trait(f  d'^lnclricii.c'',  torn.  ii.  Paris,  185.')). 
M.  Marie'-Davy  has  constructed  a  battery 
of  zinc,  pure  water,  and  fu.sed  chloride  of 
silver  i  Comiites  renrhm  de  VAcadcmin 
(ks  Sciences,  torn,  xlix.,  1859}.    M.  E. 


Becquerel  (M^moire  sur  la  pile  voUaiqtie 
in  Aiiiialcs  du  Ccmservaioire  des  arU  ct 
nMicrs,  torn,  i,,  p.  295,  1861)  has  deter- 
mined tlie  electro-motor  force  of  a  pair  in 
which  the  depolarization  of  the  negative 
electrode  was  obtained  by  precipitated 
chloride  of  silver  j)]aced  upon  a  diapliragm 
of  the  battery.  He  found  it  a  little  in- 
i'orior  to  that  of  a  pair  witli  sulphate  of 
(•o|)per;  tliat  is  to  say,  very  little  more 
tlian  half  that  of  a  pair  with  nitric  acid. 
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Fig.  87.  Fig,  88. 

Part  of  the  chloride  of  silver  battery.        Internal  view  of  the  chloride  of  silver  battery. 

(figs.  87  and  88)  of  a  plate  of  zinc,  Z,  and  a  plate  of  silver,  Y,  over 
whicli  is  fused  a  certain  quantity  of  chloride  of  silver.  It  is  then 
inclosed  in  a  covering  of  fine  tissue,  to  prevent  the  reduced  silver 
being  precipitated  to  the  bottom  of  the  cell.  The  whole  is  con- 
tained within  a  sort  of  box  of  hard  caoutchouc,  closed  by  a  screwed 
stopper,  and  filled  up  veith  water  containing  five  parts  of  sea-salt 
in  every  hundred.  The  projections  of  pure  silver,  V,  V,  to  which 
the  plates  Z  and  Y  are  secured,  convey  the  current  outwai'ds. 
J,  K,  is  a  caoutchouc  band,  which  holds  the  plates  together,  while 
the  intervening  caoutchouc  cushions,  I  I',  maintain  them  at  a 
constant  distance. 

"  The  quantity  of  chloride  of  silver  is  such  that  the  battery  will 
continue  in  steady  action  for  ten  hours  with  constant  intensity, 
the  circuit  being  completed  by  the  induction  coil, 

"  When  the  battery  is  exhansted,  it  is  sufficient  to  unscrew  the 
cover,  and  to  attach  a  fresh  plate,  Y,  of  chloi-ide  of  silver,  with 
which  one  should  be  furnished  in  advance.  The  reduced  silver 
being  all  recovered,  the  expense  consists  only  in  manipulation, 
and  in  converting  the  reduced  silver  into  chloride. 

"  This  battery  affords  the  inestimable  advantage  of  remaining 
always  ready,  and  in  its  place  in  the  apparatus,  for  any  length  of 
time  Avithout  alteration,  as  the  chemical  action  which  determines 
the  redaction  of  the  nitrate  of  silver  does  not  occur  unless  the 
circuit  is  complete. 

"  According  to  the  estimate  given  in  the  note  above,  we  may 
say  that  M.  Gaiffe's  two  elements  are  equal,  in  electro-motor 
power,  to  one  element  of  Bunsen's. 
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"  Lastly,  the  apparatus  affords  a  valuable  source  of  graduation  in 
the  power  to  use  either  one  or  two  elements,  as  they  are  inde- 
pendent of  each  other. 

"  Fig.  89  afibrds  a  general  view  of  the  apparatus ;  it  is  entirely 
contained  in  the  box  A,  B,  C,  D,  which  is  divided  into  two  parts. 


Fig.  89. — Chloride  of  silver  battery. 


The  first  compartment  contains  the  two  elements  which  have  been 
described,  L  L',  fixed  between  the  sides  of  the  box,  by  the  springs 
which  serve  to  establish  the  communications.  The  second  com- 
partment contains  the  coil  M,  and  its  accessories.  At  one  end  of 
the  coil  is  the  knob  E  of  the  graduator  tube;  at  the  other,  a 
trembler,  which  M.  Gaifife  has  ingeniously  modified.  Instead  oi" 
its  being  regulated  by  a  screw,  which,  in  inexperienced  hands, 
often  strains  the  spring,  it  is  under  the  control  of  a  bent  lever,  P, 
which  may  be  depressed  to  the  position  P',  where  it  serves  as  a 
pedal  for  the  production  of  slow  interruptions,  when  pressed  down 
with  the  finger,  so  as  to  touch  momentarily  the  small  screw  0."' 

'  I.C  Rntix,  p.  iW,  hir.  n't. 

X 
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(g).  Trouves  electric  roll. — "  The  small  induction  coils  con- 
structed by  this  skilful  meclianician  are  chefs  d'oemre  of  in-  ij 

genuity  and  precision.  One  of  these  coils  is 
shown  at  B,  in  fig.  90,  at  lialf  the  natural 
size. 

"  We  have  already  desci  ibed  the  inter- 
rupter employed  by  M.  Trouve. 

"  His  coil  is  composed  of  a  very  delicate 
plate  of  soft  sheet-iron,  rolled  into  a  helix, 
and  surrounded  by  a  copper  graduating-  tube, 
the  end  of  which  is  seen  at  0 ;  the  inductive 
wire  and  the  induced  wire  are  placed  end- 
wise ;  the  first  forms  six  layers,  the  second 
eighteen. 

"  The  knobs  for  the  rheophores  are  placed 
at  5  and  1 .  The  extra  current  of  the  two 
layers,  the  complete  extra  current,  the 
induced  current  only,  and  the  combination 
of  both  currents  may  be  obtained. 

"Single  intermissions  are  produced  by 
interrupting  with  the  hand  the  contact  be- 
tween the  battery  and  a  small  knob  attached 
to  the  coil  for  the  purpose. 

"  The  battery,  which  is  shown  at  A,  is  a 
box  of  hard  caoutchouc,  closed  by  a  screw 
lid,  which  carries  a  cylinder  of  zinc,  a  little 
less  than  half  the  lentjth  of  the  box.  The 
latter  is  half  filled  with  water,  to  which  is 
added  three  or  four  grammes  of  bisulphate 
of  mercury.  It  follows,  from  this  arrange- 
ment, that  the  battery  only  acts  when  the 
box  is  placed  with  its  lid  downwards.  Thus 
charged,  it  will  work  for  about  an  hour  and  a 
half. 

"The  effects  of  this  small  apparatus  are 
comparatively  remarkable,  and  are  to  be 
explained  by  the  care  shown  in  its  construc- 
tion, by  the  complete  insulation  of  all  its 
parts,  and  by  its  perfect  combination  of  the 
conditions  most  favourable  for  producing 
the  results  that  are  desired. 

"  It  is  only  just  to  add,  that  M.  Gaiffe  long  since  prepared  the 
Avay  for  the  manufacture  of  small  induction  coils ;  but  M.  Trouve 


Fig.  00.— Trouve's  electric  roll. 
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appears  to  have  reached  the  farthest  limits  of  possibility  in  this 
direction,"^ 

§  II. — Critical  examination. 

The  account  of  the  principal  electro-medical  instruments,  in 
their  chronological  order,  which  has  been  given  in  the  preceding 
pages,  and  which  has  been  in  great  part  quoted  from  the  excellent 
memoir  of  M.  Le  Eoux,  has  brought  sufficiently  into  relief  their 
successive  improvements,  at  least  from  the  physical  point  of  view. 
But  do  they  fulfil  the  requirements  of  localized  faradization,  as 
1^  applied  either  to  the  electro-muscular  experiments  (which,  in  my 
researches,  have  thrown  so  much  light  upon  the  physiology  of 
locomotion),  or  to  electro-muscular  testing  (which  often  decides 
the  diagnosis  of  so  many  muscular  affections),  or  to  the  treatment 
of  disorders  of  the  central  or  peripheral  innervation,  of  sensibility, 
of  motility,  or  lastly,  of  nutrition  ?  To  decide  such  a  question,  it  is 
necessary  to  possess  some  anatomical  and  physiological  knowledge, 
and  to  have  acquired,  at  the  bedside  of  patients,  sufficient  practical 
experience. 

The  physicist  whom  I  have  quoted  (M.  Le  Eoux)  has  wisely 
kept  silence  upon  the  point ;  thus  implicitly  declaring  himself 
incompetent  to  deal  with  a  purely  physiological  and  medical 
question.  In  order  to  ascertain  whether  all  induction  instruments 
possess  the  whole  properties  which  would  render  them  applicable 
to  the  electro-physiological  and  clinical  studies  which  I  have 
described,  and  to  the  fulfilment  of  certain  therapeutical  indica- 
tions, I  must  inquire  whether  they  have  been  constructed  with  the 
physical  and  mechanical  conditions  necessary  for  the  attainment 
of  these  properties ;  or,  that  is,  whether  they  possess, — 1.  a  double 
induction;  2.  an  exact  graduation;  3.  intermissions,  rapid  or 
slow  at  pleasure  ;  4.  a  sufficient  degree  of  force  ?  The  considera- 
tions which  I  have  already  stated  with  regard  to  the  utility  of 
these  conditions,  which  all  electro-medical  instruments  should 
combine,  render  it  unnecessary  for  me  to  enter  upon  the  subject 
anew.  It  will  be  enough  to  state  briefly  the  principal  facts  upon 
which  my  critical  examination  will  be  based. 

1.  Magneto-electric  instruments. 

(A).  JDovhle  induction. — Whatever  may  be  the  pliysical  theory 
of  the  phenomena  of  double  induction  in  magueto-electric  instru- 
ments—a theory  on  which  physicists  will,  I  hope,  before  long 
agree,— it  cannot  now  be  denied  that  the  currents  which  proceed 
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from  each  of  the  two  coils  exert,  as  in  the  electro-dynamic  instru- 
ments, physiological  actions  which  distinguish  them  apart,  and 
which  severally  fulfil  special  therapeutical  indications. 

It  follows  from  the  facts,  the  experiments,  and  the  considera- 
tions, which  I  have  already  stated  (Chap.  I.)  : — 

1.  That  the  current  of  the  second  coil  excites  the  retina  more 
acutely  than  that  of  the  first  coil,  when  it  is  applied  by  moist 
rheophores  to  the  face,  or  to  the  eyeball  (see  A,  p.  23). 

2.  That  the  current  of  the  second  coil  excites  the  cutaneous 
sensibility  more  acutely  than  the  current  of  the  first  coil  (see 
B,  p.  24). 

3.  That  the  current  of  the  first  coil  excites,  more  acutely  than 
that  of  the  second  coil,  the  sensibility  of  certain  organs  situated 
more  or  less  deeply  beneath  the  skin  (see  C,  p.  24). 

4.  That,  in  faradization  of  the  nervous  extremities  by  reflex 
action,  the  current  of  the  second  coil  produces  more  energetic 
muscular  contractions  than  the  current  of  the  first  coil  (see 
D,  p.  26). 

5.  That  when  the  moist  rheophores  hxe  applied  to  the  cutaneous 
surface,  the  current  of  the  second  coil  penetrates  more  deeply 
into  the  tissues  than  that  of  the  first  coil  (see  E,  p.  26). 

6.  That  the  different  physiological  actions  of  the  currents  of  the 
first  and  the  second  coil  cannot  be  applied  indiflFerently  in  thera- 
peutics (see  A,  p.  33). 

As  a  corollary  to  the  foregoing  propositions,  we  may  conclude 
that  any  magneto- electric  apparatus  intended  for  medical  jn'octice, 
lohich  does  not  possess  first  and  second  coils,  constructed  %oith  certain- 
relative  proportions  of  length  and  diameter  of  wire,  xvill  not  fulfil  all 
the  requirements  of  therapeutics. 

The  foregoing  considerations  have  not  failed  to  exert  a  great 
influence  on  the  manufacture  of  magneto-electric  instruments. 
Indeed,  either  from  understanding  the  importance  of  the  matter, 
or  in  order  to  supply  the  demands  of  physicians,  the  makers  of 
the  magneto- electric  instruments  most  generally  found  in  medical 
practice  (MM.  Breton  freres,  and  Gaiffe)  have  applied  double 
induction  to  them.  It  is,  doubtless,  from  forgetfulness  that  M.  Le 
Roux  has  failed  to  mention  this  important  feature  of  Gaiflfe's 
instrument,  on  which,  in  other  respects,  he  has  bestowed  a  merited 
eulogium.  The  omission  is  more  to  be  regretted,  since  this  skilful 
manufacturer  has  endeavoured  to  find  those  relative  proportions  of 
diameter  and  length  of  wire,  with  reference  to  the  power  of  the 
magnet,  which  will  give  to  the  coils  the  maximum  of  their  difierent 
physiological  action.  M,  Gaiffe  manufactures  a  small,  a  medium, 
and  a  large  magneto-electric  instrument,  and  it  is  to  the  last  two 
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that  lie  has  adapted  the  double  induction.  It  is  to  be  regretted 
that  the  Paris  hospitals  are  supplied  only  with  the  first  or  small 
model,  which  is  insufficient,  not  only  on  account  of  the  weakness  of 
its  current,  but  also  from  the  absence  of  the  current  of  the  second 
coil. 

MM.  Breton  freres  have  manufactured  a  large  and  a  small 
magneto-electric  instrument.  According  to  M.  Le  Roux,  they  have 
endeavoured  to  add  the  double  induction  to  the  former. 

I  have  had  occasion  to  examine  the  differential  action  of  the 
two  coils  in  one  of  two  of  these  instruments  which  I  found  in  one 
of  the  Paris  hospitals,  and,  to  my  great  surprise,  the  distinctive 
characters  of  their  differential  action  were  scarcely  appreciable. 

What  conld  be  the  reason  of  tliis  ?  Have  MM.  Breton  observed 
those  proportions  of  length  and  diameter,  which  the  wires  of  the 
first  and  second  coils  should  possess,  with  regard  to  the  initial 
force  of  the  magnet,  in  order  that  double  induction  may  be  pro- 
duced ?  Are  the  two  coils  perfectly  independent  of  each  other  ? 
Not  having  unwound  them,  I  am  unable  to  explain  the  actual 
reason.  It  would  be  easy  for  these  skilful  manufacturers,  who, 
by  having  been  the  first  to  construct  portable  magneto-electric 
instruments,  have  so  much  contributed  to  popularize  the  applica- 
tion of  induction  currents,  to  fulfil  the  desideratum  which  it  has 
been  my  duty  to  point  out. 

B. — Sloio  or  rapid  intermissions. — -Tn  the  part  (Chap.  I.,  Part 
I.)  in  which  I  have  described  tlie  properties  and  the  particular 
arrangements  which  every  induction  instrument  intended  for 
medical  practice  should  possess,  I  have  made  known  the  special 
action  which  slow  or  rapid  intermissions  exert, — 1,  upon  electro- 
muscular  contractility;  2,  upon  muscular  sensibility;  3,  upon 
muscular  tonicity ;  4,  upon  muscular  nutrition ;  5,  upon  electro- 
cutaneous  sensibihty. 

Lastly,  I  have  passed  in  review  the  chief  pathological  conditions 
in  which  rapid  intermissions  should  be  preferred ;  and  also  those  in 
which  they  are  formally"^  contra-indicated,  and  in  which  they 
should  be  replaced  by  intermissions  more  or  less  distant,  on  paiu 
of  sometimes  occasioning  accidents.  It  follows  that  any  magneto- 
electric  apparatus  which  is  not  so  constructed  as  to  yield  currents 
with  slow  or  rapid  intermissions,  according  to  the  therapeutic  in- 
dications to  be  fulfilled,  will  be  inapplicable  in  a  great  number  of 
cases. 

This  has  been  well  understood  by  M.  GaiiTe,  who,  in  imitation 
of  my  magneto-electric  instrument,  allows  the  electrodes  to  receive 
only  one  or  two  intermissions  for  each  revolution  of  the  large 
wheel. 
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It  is  to  be  hoped  that  all  other  manuracturers  will  follow  an 
example  that  is  easy  of  imitation.  It  would  be  a  great  step  in 
advance. 

C. — Graduation. — Every  medical  induction  instrument  should 
afford  a  means  of  distributing  its  currents  in  doses  proportionate 
to  the  very  different  degrees  of  excitability  (which  may  depend 
upon  the  state  of  health  or  upon  the  state  of  the  disease)  of  the 
sensitive  or  motor  nerves,  of  the  muscles,  and  of  other  organs  more 
or  less  deeply  situated  (see  §  IV.,  p.  241).  Moreover,  the  gradua- 
tion should  be  exact,  and  should  range  over  a  sufficiently  extended 
scale. 

Without  these  conditions,  magneto-electric  instruments  are  often 
inapplicable  to  medical  practice. 

The  instruments  of  Pixii,  of  Clarke,  and  of  Saxton  are  entirely 
without  graduation.  Page  was  the  first  who  endeavoured  to  obtain 
it,  by  rendering  the  magnet  of  his  apparatus  movable  (see  fig.  75), 
so  that  it  could  be  placed  nearer  to  or  farther  from  the  soft  iron. 
The  idea  rested  upon  the  principle,  that,  in  a  magneto-electric 
instrument,  the  farther  the  magnet  is  moved  from  its  soft  iron  or 
its  electro-magnet,  the  more  the  inductive  influence  of  the  alternate 
changes  of  state  of  these  magnets  will  be  weakened,  and  vice 
versa. 

Since  then,  this  method  of  graduation  has  been  imitated  by  most 
makers.  But  it  is  very  defective,  because  there  is  no  proportion 
between  the  divisions  of  the  graduator  and  the  diminution  or 
augmentation  of  the  intensity  of  the  current,  when  the  magnet 
is  moved  farther  from  or  nearer  to  the  soft  iron. 

The  graduator  is,  in  general,  a  small  metallic  stem,  which  serves 
to  draw  back  or  to  push  forward  the  magnet.  It  is  about  a  centi- 
metre and  a  half  in  length ;  and  its  action  only  becomes  sensible 
in  its  second  half,  because,  in  the  first  half,  the  soft  iron  does  not 
exert  on  the  magnet  any  physiological  influence  that  is  appreciable 
in  man.  From  the  commencement  of  the  second  half,  or  there- 
abouts, of  the  graduator,  the  current  increases  in  enormous  pro- 
portion (in  geometric  ratio,  or  nearly  as  the  square  of  the  distance). 
It  is  impossible  exactly  to  apportion  the  power  of  faradization  by 
means  of  a  system  that  is  so  irregular. 

Moreover,  even  if  the  movement  of  the  graduator  and  the  increaf^e 
of  the  force  of  the  current  were  in  exact  relation,  or,  in  other  words, 
if  the  increase  and  diminution  of  the  intensity  of  the  current  were 
in  arithmetical  proportion  to  the  movement,  the  system  would  still 
be  inapplicable  to  localized  faradization,  either  for  physiological, 
pathological,  or  therapeutical  pm-poses,  because  it  is  not  made 
upon  a  scale  of  suflicient  extent. 
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It  has  been  seen,  liowever,  that  I  have  applied  tlie  system  of 
Page  to  my  magneto- faradie  instrument  (with  the  difference,  that 
instead  of  the  magnet,  it  is  the  soft  iron  that  I  have  made  movable), 
but  that  I  have  employed  it  only  as  a  moderator  of  the  currents  (see 
E,  p.  282),  that  is  to  say  that  its  purpose  is  to  convert  a  very  power- 
ful magneto-electric  apparatus  into  one  that  is  more  or  less  feeble, 
the  stronger  or  the  weakest  doses  of  which  I  measure  by  metallic 
graduated  cylinders  (see  D,  p.  282).  This  system  of  graduation 
by  cylinders  is  only  applicable  to  coils  rolled  around  the  magnet. 

2. — Electro-Dynamic  Insteuments. 

A. — Dozcble  Induction. — The  differential  electro-physiological  ac- 
tion of  the  currents  of  the  primary  coil  (extra  current),  and  of  the 
secondary  coil  (induced  current),  is  incomparably  more  marked  in 
the  volta-electric  than  in  the  magneto-electric  instruments.  More- 
over, we  obtain  from  the  former,  in  small  bulk,  a  much  greater 
power.  These  are  the  chief  reasons  which  render  the  volta-electric 
instruments  the  most  useful  for  medical  purposes,  and  which  have 
gained  for  them  the  preference  in  practice,  and  especially  in  the 
Paris  hospitals,  where  they  are  more  common  than  magneto-elec- 
tric instruments. 

When  I  commenced  my  researches  (towards  184G),  the  electro- 
dynamic  instruments  had  usually  only  an  extra  current ;  and  those 
which  possessed  double  induction,  like  the  apparatus  of  Eognetta, 
constructed  by  MM.  Breton /reres,  used  only  the  induced  current. 
But,  since  I  have  shown  that  the  extra  current  and  the  induced 
current  exert  different  actions  (which  compelled  me  to  write  that 
they  possessed  different  physiological  jproperties,  an  expression  so 
much  and  so  unfairly  criticized  by  the  MM.  Becquerel),  the  makers 
have  endeavoured  to  construct  instruments  which  should  yield  one 
or  the  other  current,  at  pleasure,  according  to  the  indication  to  be 
fulfilled. 

It  is  necessary  to  know  tliat,  in  order  to  obtain  an  extra  current 
of  sufficient  intensity  to  be  useful,  the  wire  of  the  coil  must  be  of 
sufficient  length.  I  have  not  found  in  any  electro-dynamic  ap- 
paratus, even  the  most  bulky,  a  sufficient  differential  action 
between  the  currents  of  the  two  coils,  which  evidently  depends 
upon  a  fault  of  construction  (a  defect  in  proportion  between  the 
length  and  the  diameter  of  the  wire)  ;  in  some  instruments,  I  have 
even  found  no  difference— which  is  to  be  explained  by  a  fraud  that 
I  proceed  to  describe.  These  instruments  have  but  a  single  coil, 
composed  of  a  thick  wire  (about  half  a  millimetre  in  diameter),  of 
sufficient  lengtli,  and  continued  by  a  wire  that  is  relatively  very 
fine  (from  a  sixth  or  a  seventh  of  a  millimetre  in  diameter).  Two 
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electrodes  receive  the  current  from  the  thick  wire,  and  two  others, 
which  communicate  with  the  extremities  of  the  fine  wire,  receive 
the  current  of  the  entire  helix,  which  is  then  composed  of  a  thick 
wire  in  its  first  part,  and  of  a  longer  and  very  fine  wire  in  its 
second.  Every  one  will  understand  tliat  these  electrodes  can  only 
give  an  extra  current  proceeding  from  the  same  coil,  and  that  the 
current  of  the  entire  coil  will  be  more  intense  than  that  of  its  first 
portion ;  but  that  these  currents  cannot  possess  the  differential 
properties  of  the  extra  current  and  of  the  induced  current.  Such 
instruments  are  sent  into  the  market  as  if  they  possessed  both. 
Their  manufacture  is,  as  may  be  imagined,  more  simple  and  less 
costly  than  that  of  double-induction  instruments ;  but  the  purchaser 
is  deceived.  It  is  fortunately  easy,  when  forewarned,  to  discover  the 
fraud,  by  the  absence  of  the  differential  properties  of  the  currents. 

B.  — Intermissions. — Formerly,  the  electro-dynamic  instruments 
made  only  rapid  intermissions,  obtained  either  by  wheels  analogous 
to  that  of  Masson,  or  by  tremblers  constructed  on  the  principle  of 
the  apparatus  of  JSTeeff. 

At  present,  most  of  the  instruments  afi'ord,  at  pleasure,  either 
slow  or  very  rapid  intermissions.  But  each  of  the  slow  intermis- 
sions should  be  perfectly  isolated,  distinct,  and  without  vibrations. 

The  slow  intermissions  of  the  large  electro-medical  apparatus  of 
Euhmkorff  (see  fig.  79)  are  deceptive ;  each  tooth  of  his  star- 
shaped  wheel  receives  a  series  of  very  rapid  intermissions  from 
his  trembler.  I  have  pointed  out  this  fault  of  construction  to  this 
skilful  maker,  who  has  undertaken  to  correct  it,  and  to  produce 
on  his  wheel  defined  and  isolated  intermissions. 

The  intermissions  produced  by  the  contact  of  a  metal  plate, 
forming  a  spring,  are  not  always  well  defined.  The  friction  gives 
one  strong  intermission,  followed  by  a  series  of  extremely  rapid 
small  vibrations,  which  acutely  excite  the  sensibility,  and  render 
muscular  faradization  painful. 

The  rheotomes  of  slow  intermission  have  the  inconvenience  that 
they  either  occupy  one  of  the  hands  of  the  operator  or  require  the 
presence  of  an  assistant ;  with  the  pedal  rheotome,  such  as  I  use 
myself  (see  Y,  fig.  52),  this  inconvenience  is  avoided.  It  is  to  be 
desired  that  all  makers  would  attach  this  accessory  to  their  electro- 
dynamic  instruments. 

The  greater  part  of  the  tremblers  of  electro-dynamic  instruments 
give  vibratory  intermissions.  M.  Gaifi'e  has  especially  endeavoured 
to  remedy  this  defect. 

C.  — Oradiwtion. — When  I  commenced  my  researches  upon  the 
improvements  that  could  be  made  in  induction  instruments,  MM. 
Breton  freres  had  already  constructed,  under  the  direction  of 
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Rognetta,  an  electro-dynamic  apparatus  of  double  induction,  in 
wliich  the  graduation  of  the  induced  current  was  obtained  by- 
gliding  the  coil  of  thick  within  the  coil  of  fine  wire.  While 
gradually  placing  the  first  within  the  second,  the  induction  only 
occurred  in  the  spirals  that  were  brought  into  mutual  relation, 
and  hence  the  intensity  was  proportionately  increased.  The  reverse 
occurred  as  the  first  coil  was  withdrawn.  This  method  of  gradua- 
tion was  perfect ;  and  I  originally  adopted  it  for  my  volta-electric 
and  magneto-electric  instruments  (see  fig.  51) ;  modifying  it, 
however,  in  an  important  manner,  and  applying  it  to  the  gradua- 
tion of  both  coils  (which  Rognetta  had  neglected  because  he  did 
not  utilize  the  extra  current, — not  being  aware  of  the  difference  of 
its  action  from  that  of  the  second  coil). 

Instead  of  the  internal  coil  (of  thick  wire),  as  in  the  apparatus 
of  Eognetta,  it  is  the  external  coil  of  fine  wire  which  I  have  ren- 
dered movable,  and  which,  in  covering  or  uncovering  more  or  less 
of  the  internal,  glides  upon  two  metallic  conducting  stems,  which 
are  in  communication  with  the  extremities  of  its  wire  and  with  the 
knobs  of  the  electrodes.  In  order  to  obtain  the  graduation  of 
the  extra  current  by  the  second  coil,  I  completed  the  circuit  of  its 
wire,  and  caused  it  to  move  over  the  first  coil.  It  is  needless  to 
say  that  the  graduation  was  the  same  as  in  Rognetta's  instrument. 

This  system  of  graduation  was  excellent,  but  I  have  abandoned 
it,  since  I  discovered  that  metallic  cylinders  moving  over  the  in- 
terior and  the  exterior  of  the  coils  graduated  equally  well  the 
intensity  of  the  currents.  Then,  instead  of  constructing  two  inde- 
pendent coils — the  external  to  receive  the  internal  which  remained 
fixed, — I  wound  the  coil  of  fine  wire  directly  over  the  thick  wire 
(each  layer  being  insulated,  it  must  be  understood,  by  varnished 
paper).  The  result  was,  an  increase  of  the  intensity  of  the  induced 
current,  by  the  approximation  of  the  two  coils,  so  that  it  equalled 
one  produced  in  two  thousand  metres  of  wire  ;  and  a  simplification 
of  manufacture.    My-  instrument  had  also  gained  in  solidity. 

Graduation  by  the  mutual  influence  of  the  coils  (which,  it  will 
be  seen,  is  of  French  origin)  has  been  adopted  by  M.  RuhmkorfiF, 
who  has  constructed  what  is  known  as  the  carriage  apparatus  of 
M.  Du  Bois-Reymond. 

It  was,  doubtless,  in  order  to  please  some  admirers  of  everything 
that  is  done  at  Berlin,  that  M.  Ruhmkorff  has  imitated  the  ap- 
paratus of  Siemens  in  his  large  medical  instrument.  (I  shall 
hereafter  show  the  inconveniences  of  this  system  of  graduation, 
especially  in  Ruhmkorff's  instrument.)  The  preference  given  by 
most  of  the  Paris  mauufacturers  to  my  system  of  graduation  by 
metallic  cylinders,  proves  that  I  had  reason  for  my  choice. 
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The  electro-dynamic  instrumeuts  of  moderate  ibrce,  even  when 
they  are  'graduated  to  a  minimum,  are  still  too  powerful  for  certain 
delicate  applications,  such  as  faradization  of  the  chorda  tympani. 
I  have  desired  the  makers  to  add  to  these  instruments  a  tube  con- 
taining water,  which  I  have  called  a  moderator  (see  F,  fig,  52), 
which  is  designed  to  reduce  the  most  powerful  apparatus  to  one 
of  extreme  feebleness,  which  can  then  be  graduated  by  means  of 
the  metallic  cylinders. 

D. — Battery. — The  inconveniences  connected  with  the  use  of  the 
battery,  in  the  electro-dynamic  instruments,  are  such,  that  they  have 
induced  many  to  prefer  the  electro-magnetic  instruments.  Practi- 
tioners recoil  from  the  more  or  less  tedious  and  disagreeable  mani- 
pulation that  is  required ;  and  the  least  neglect  or  awkwardness 
may  occasion  more  or  less  serious  injury  to  the  instruments.  For 
this  reason,  makers  have  endeavoured  to  remove  or  to  diminish 
these  inconveniences ;  and,  on  this  part  of  the  subject,  I  have  to 
record  some  progress. 

(a).  The  numerous  disadvantages  of  nitric  acid,  principally  on 
account  of  the  disengagement  of  nitrous  gas,  which  attacks  the 
metallic  portions  of  the  instruments,  have  caused  the  rejection  of 
BuBsen's  battery  by  the  majority  of  makers. 

MM.  Legendre  and  Morin  have  continued  its  employment  for 
their  instrument,  because  it  is  much  more  powerful  than  other 
batteries  (such  as  Daniell's,  or  the  bisulphate  of  mercury  of 
Marie-Davy),  and,  while  giving  a  notable  quantity  of  electricity,  it 
may  be  prepared  several  hours  in  advance,  will  remain  several 
hours  in  action,  and,  lastly,  may  be  dismantled  at  leisure.  These 
makers  have,  indeed,  removed  the  inconveniences  due  to  the  dis- 
engagement of  nitrous  gas,  by  adopting  to  their  battery  (fig.  85) 
a  cover  of  gutta  percha,  B,  which  closes  the  whole  system  almost 
hermetically.  Notwithstanding  this  improvement,  MM.  Legendre 
and  Morin  should  abandon  the  Bunsen's  battery,  or  they  will  see 
their  little  instrument  lose,  especially  in  hospitals,  the  favour 
which  it  has  hitherto  enjoyed,  and  which  it,  in  other  respects, 
merits, 

(&).  The  battery  of  Marie-Davy  (carbon,  zinc,  and  solution  of 
bisulphate  of  mercury)  may  advantageously  replace  that  of  Bun- 
sen,  as  being  free  from  the  inconveniences  which  I  have  described. 
It  is  for  this  reason  that  I  have  employed  it  for  the  flat  battery  of 
my  volta-faradic  apparatus. 

The  majority  of  makers  have  followed  this  example,  and  they 
have  constructed  the  elements  in  a  flat  form,  similar  to  that  which 
I  liave  used  during  many  years  in  my  instruments;  the  carbon 
elements  being  below,  covered  with  powdered  bisulphate  of  mercury, 
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over  which  a  little  water  is  poured,  and  the  zinc  covering  all.  (It 
will  be  remembered  that,  before  the  employment  of  bisulphate  of 
mercury,  the  elements  were  arranged  in  the  same  manner,  and 
that,  instead  of  the  solution  of  bisulphate  of  mercury,  I  employed, 
originally,  nitric  acid,  and  subsequently  diluted  sulphuric  acid, 
with  which  to  saturate  my  carbon.)  But  the  mode  of  preparation 
of  their  batteries  does  not  appear  to  me  to  give  results  equally 
advantaareous  with  mine. 

The  powder  of  bisulphate  of  mercury,  that  I  strew  upon  the 
surface  of  my  carbon  plate,  is  sufiScient  in  quantity  to  form,  when 
moistened,  a  stratum  half  a  millimetre  in  thickness.  The  water 
which  I  pour  upon  this  paste,  when  I  am  about  to  use  it,  saturates 
it  completely ;  and  the  thick  cloth,  which  is  placed  between  it  and 
the  zinc  itself,  is  well  soaked  with  water.  Thus  charged,  my  battery 
will  continue  in  action  for  twelve  hours,  with  rapid  intermissions ; 
and  for  several  days,  witli  the  slow  intermissions  that  I  habitually 
employ.  In  the  intervals  between  the  applications,  the  zinc  only 
is  removed  and  wiped  (so  that  its  bright  surface  is  always  amalga- 
mated) ;  and,  in  order  to  avoid  the  evaporation  of  liquid  by  contact 
with  the  air,  a  plate  of  hard  caoutchouc  replaces  the  zinc. 

With  this  mode  of  preparation,  a  battery  is  for  a  long  time 
always  ready  for  action  before  I  am  called  upon  to  renew  the 
bisulphate  of  mercury ;  it  preserves  its  force  until  the  entire 
decomposition  of  the  salt ;  and  there  is  only  occasion  to  pour,  from 
time  to  time,  a  little  water  upon  the  cloth. 

The  bisulphate  of  merciny  batteries,  in  the  small  instruments  of 
Gaiffe,  Euhmkorff,  and  Trouve,  contain  only  the  small  quantity 
of  bisulphate  which  they  can  hold  in  solution ;  so  that  they  cannot 
be  used  for  more  than  an  hour  at  a  time,  without  recharging  the 
battery.  After  using  them  only  for  a  few  minutes,  it  is  necessary 
each  time  to  throw  away  the  liquid,  to  clean  the  zinc,  and  to 
renew  the  preparation  for  the  next  patient. 

Lastly,  1  have  observed  that  my  battery  polarizes  less,  whicli 
I  attribute  to  the  application,  immediately  against  the  zinc, 
of  the  wet  cloth,  which  forbids  a  great  number  of  the  bubbles  of 
hydrogen  gas  produced  by  the  action  of  the  battery  to  adhere  to 
its  surface.  In  other  batteries  there  is  nothing  to  prevent  these 
bubbles  of  hydrogen  from  sticking  to  the  zinc,  and  shielding  the 
greater  part  of  its  surface  from  the  chemical  action  of  the  battery. 
I  therefore  advise  makei  s  who  employ  flat  and  unclosed  batteries 
of  bisulphate  of  mercury,  to  prepare  them  like  mine. 

The  flash  hatter  ij  ofhisulphate  of  mercury,  which  M.  Euhmkorft 
has  added  to  his  liospital  induction  apparatus  (see  fig.  79,  page 
297)  is  well  conceived. 
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It  recalls,  indeed,  by  its  form,  its  disposition,  and  its  meclianism, 
the  flask  battery  of  M,  Grenet,  from  which  it  differs  by  the  employ- 
ment of  a  saturated  solution  of  bisul2:)hate  of  mercury,  in  place  of 
chromate  of  potash,  and  by  being  mounted  in  hard  caoutchouc, 
instead  of  in  metal,  which  inevitably  undergoes  amalgamation  by 
the  mercury,  and  becomes  brittle. 

This  flask  battery  of  M.  Kuhmkorff  will  work  for  a  long  time 
without  requiring  to  be  recharged.  When  not  in  use,  the  zinc  is 
drawn  up  out  of  the  solution  of  bisulphate  of  mercury,  by  means 
of  a  metallic  stem;  and  when  it  is  required,  it  is  pushed  down 
again  into  the  liquid.  This  may  be  done  gradually,  in  such  a  way 
as  to  increase  by  degrees,  and  at  pleasure,  the  intensity  of  the 
current.  The  employment  of  this  battery  will  be  a  source  of  great 
economy  in  hospitals,  because  it  occasions  no  damage  to  instru- 
ments, and  because  its  management  is  so  simple. 

But  the  flask  of  this  battery  is  itself  seven  or  eight  centimetres 
in  height,  without  reckoning  six  centimetres,  or  more,  for  the  stem, 
which,  when  it  is  not  in  use,  serves  to  keep  the  zinc  raised  out  of 
the  solution.  In  other  words,  its  size  fills  a  considerable  space 
in  the  apparatus,  and  its  height  prevents  it  from  being  enclosed  in 
the  same  box.  This  is  the  only  fault  which  can  be  found  with  it ; 
but  its  bulk  is  unquestionably  a  real  inconvenience,  and  renders 
the  apparatus  less  portable. 

Other  manufacturers,  endeavouring,  like  M.  Euhmkorff",  to 
render  the  manipulations  of  the  batteries  more  easy  and  less 
frequent,  have  particularly  applied  themselves  to  diminish  their 
bulk,  and  to  make  them  more  portable.  They  have  enclosed  them 
in  a  box  of  hard  caoutcliouc,  by  the  aid  of  a  screwed  Kd,  to  which 
the  solid  parts  of  the  battery  are  fixed.  These  small  hermetically- 
closed  batteries  were  at  first  employed  as  sources  of  amusement, 
on  account  of  their  small  bulk.  Conjurors  carried  them  in  their 
pockets,  and,  conveying  them  adroitly  into  their  hands,  set  in  action 
from  a  distance,  the  electro-magnets  which  communicated  with 
them.  Notwithstanding  the  trivial  origin  of  these  little  batteries, 
their  application,  as  medical  induction  instruments,  has  neverthe- 
less been  highly  useful. 

It  is,  however,  just  to  say  that  M.  Trouve  appears  to  have  been 
the  first  to  construct  a  battery  in  a  closed  caoutchouc  box,  which  he 
called  an  hermetic  battery,  and  which  has  already  been  described. 

M.  Gaiffe  has  given  to  his  batteries  the  same  external  form  as 
those  of  M.  Trouve.  But  their  composition  is  essentially  different, 
since  they  consist  of  chloride  of  silver  (see  figs.  87  and  88).  M. 
Trouve's  bisulphate  of  mercury  hermetic  battery  will  only  work  for 
an  hour  and  a  half,  after  which  it  requires  to  be  recharged.  The 
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cliloride  of  silver  hermetic  battery  of  M.  Gaiffe  would  originally 
furnisli  continuous  action  of  constant  intensity  for  about  ten  hours, 
the  circuit  being  completed  by  an  induction  coil ;  but  the  manu- 
facturer now  informs  me  that  his  battery  will  work  for  twenty- 
four  hours,  at  least,  in  consequence  of  a  modification  that  he  has 
made  in  it.^ 

When  this  battery  is  exhausted,  it  is  necessary  to  recharge  it 
with  a  new  piece  of  chloride  of  silver  (see  description,  fig.  87). 
This  is  easy  of  execution. 

One  of  the  principal  merits  of  these  batteries  in  boxes  is, 
according  to  their  makers,  that  they  close  hermetically,  so  that 
there  is  no  fear  that  any  liquid  will  escape  from  them  to  injure 
the  instrument,  or  the  clothing,  when  carried  upon  the  person. 
This  is  an  error ;  for  the  hydrogen — a  greater  or  less  development 
of  which  is  the  inevitable  result  of  the  chemical  action — never  fails 
to  make  its  way  by  a  little  fissure,  which  generally  exists  around 
the  metallic  wires,  which  pass  through  the  lid.  Even  if  the 
mastic,  which  surrounds  the  metallic  wires,  resists  the  pressure  of 
the  gas,  so  that  it  cannot  escape,  there  will  still  be  a  risk  of  ex- 
plosion if,  under  any  circumstances,  there  should  be  a  rapid  pro- 
duction of  gas  in  any  large  quantity.  . 

Wo  are  chiefly  exposed  to  the  same  accident  with  the  bisul- 
phate  of  mercury  battery,  the  chemical  action  of  which  produces 
hydrogen  by  the  decomposition  of  water.  The  chemical  action  of 
the  chloride  of  silver  battery  neither  disengages  hydrogen  nor  any 
other  gas.*  But  if  its  chloride  of  silver  is  exhausted,  that  is,  if  it 
loses  its  proper  action,  and  forms  part  of  a  circuit  of  a  battery, 
composed  of  a  sufficient  number  of  elements,  it  fulfils  the  office  of 
a  voltameter,  and  then  the  current,  in  traversing  it,  decomposes 
its  water,  and  produces  a  great  quantity  of  hydrogen.  It  is  under 
such  circumstances  that  a  chloride  of  silver  element,  inclosed  in 
an  impermeable  case,  may  explode.'^ 


'  "  Tlie  chloride  of  sodium,"  M.  Gaiife 
writes  to  me,  "being  only  employed  to 
render  the  liquid  a  conductor,  and  the 
product  of  the  battery  being  chloride  of 
zinc,  I  liavo  replaced  the  former  by  an 
equal  quantity  of  tlie  latter,  in  order  to 
laave  one  salt  only,  and  to  avoid  the 
action  which  the  two  cldoridca  exert 
upon  each  other;  an  action  wliicli  was 
injurious  to  the  battery,  since,  charged 
in  tlic  new  way,  it  will  worlc  regularly 
for  a  much  longer  time.  Another  ad- 
vantage of  the  cliloride  of  zinc  is  tliat,  by 
its  employment,  wo  avoid  the  production 
of  gas,  even  when  the  charge  of  chloride 
is  exhausted." 


*  There  is  no  production  of  gas  in  the 
chloride  of  silver  battery,  because  there  is 
only  a  displacement  of  chlorine,  which 
leaves  the  silver  to  combine  with  the 
zinc ;  so  that  before  the  battery  begins 
working  we  have  :  AgOl,  Zn,  HO,  NaCl, 
and,  after  its  action :  Ag,  ZnllO,  NaCl. 
The  chlorine  oidy,  therefore,  has  cliangod 
its  place;  the  water  and  the  salt  have 
only  acted  by  their  j)resence. 

'  'I'his  has  happened  to  myself,  when 
holding  in  my  hand  one  of  these  small 
closed  lialteries  of  hard  caoutchouc.  'J'lie 
case  burst,  and  some  of  the  contained 
liquid  was  thrown  in  the  face  of  a  person 
standing  o})posite  to  me. 
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This,  then,  being  established,  it  is  more  simple  and  prudent  to 
make  a  capillary  opening  through  the  caoutchouc  covering,  by 
which  the  gas  may  escape  if  the  pressure  becomes  too  great, 

E. — Power  and  size  of  the  electro-dynamic  instrmnents. — In 
certain  cases,  as  1  have  said,  the  induction  instruments  should  be 
very  powerful  (see  III.,  p.  239).  We  have  here  to  consider  their 
physiological  action,  and  from  this  point  of  view  to  determine  their 
power.  This,  therefore,  is  not  so  simple  a  matter  as  was  thought 
by  MM.  Becquerel,  when  they  wrote : — "  The  extra  current,  and 
the  current  of  the  first  Mnd,  do  not  possess  an  elective  action  over  this 
or  that  function,  tut  they  have  an  action  more  or  less  energetic,  hy 
reason  of  their  tension."  ...  It  was  a  mere  matter  of  inex- 
perience, at  the  time  when  M.  Becquerel  the  younger  maintained 
this  position  in  defence  of  a  physical  theory.  It  was  no  longer  a 
matter  of  inexperience  alone,  when  it  was  maintained  before  the 
Institute,  eight  years  subsequently,  by  M.  Becquerel  the  elder ; 
because  it  would  have  been  easy  for  him  to  have  acquired  a 
personal  knowledge  of  the  subject,  by  submitting  to  my  experi- 
ments, as  so  many  other  physicists  of  equal  position  had  done. 
But,  fortunately,  he  has  been  unable  to  arrest  the  progress  of 
science,  and  it  is  now  perfectly  established — 1.  That  the  extra 
current,  which  has  very  little  tension,  or  infinitely  less  than  the 
induced  current,  excites  acutely,  and  more  acutely  than  the  latter, 
the  sensibility  of  the  greater  number  of  the  organs  situated 
beneath  the  skin  (the  nerves,  the  muscles,  the  bladder,  the  uterus, 
the  testes).  2.  That  its  therapeutic  application,  in  full  dose,  is 
indicated  in  the  cases  where  these  organs  are  deprived  of  sensi- 
bility, in  cases  where  it  is  necessary  to  act  upon  the  nutrition 
(which  I  have  observed  that  it  seems  most  to  stimulate,  perhaps 
by  producing  less  contraction  of  the  capillary  vessels  than  the 
induced  ciu-rent).  3.  That,  by  reason  of  the  Aveakness  of  its 
power  to  penetrate  to  deeper  tissues  (in  other  words,  the  weakness 
of  its  tension),  the  extra  current  is  the  only  one  that  is  adapted 
for  cases  in  which  it  is  indicated  strongly  to  excite  the  contractility 
and  sensibility  of  superficial  muscles,  without  acting  upon  those 
that  are  beneath  them.  4.  That,  in  order  to  obtain  this  special 
physiological  action  of  the  extra  current,  its  wire  should  have  a 
certain  diameter  and  a  sufficient  length,  so  as  to  have  an  initial 
lorce  proportionate  to  that  of  the  magnet  and  of  the  battery.  5, 
and  lastly.  That  this  extra  current  becomes  powerless,  when  we 
wish  to  penetrate  a  great  thickness  of  tissue,  so  as  to  excite  deeply- 
situated  oi'gans,  such  as  muscles  of  the  deeper  layer  in  very  fat  or 
cedematous  persons,  or  when  we  wish  to  excite  very  acutely  the 
sensibility  of  the  skin,  as  in  profound  auffisthesia.    It  is  then 


HISTOTIY,  &o.,  OF  INDUCTION  INSTRUMENTS. 


319 


necessary  to  have  recourse  to  a  strong  induced  current  of  powerful 
tension. 

These  facts  show  the  insufficiency  of  the  very  small  induction 
instruments  of  Gaiffe,  Ruhmkorfif,  and  Trouv^, — instruments  the 
extra  currents  of  which  are  almost  powerless,  and  of  which  the 
induced  currents  have  not  sufficient  tension  to  reach  the  muscles, 
or  to  pass  thi-ough  any  depth  of  tissue.  (It  is  especially  with  slow 
intermissions  that  we  can  appreciate  the  weakness  of  these  small 
instruments.) 

Instruments  of  very  small  size  and  of  easy  transport  can 
therefore  only  be  utilised  for  therapeutical  purposes  in  a  very 
small  number  of  cases.  I  regard  them  as  pretty  toys,  which  may 
be  relegated  to  the  domain  of  drawing-room  physics.  MM.  Gaiffe, 
Legendre  and  Morin,  and  Ruhmkorff,  have  fortunately  constructed 
instruments  of  medium  force,  almost  equal  to  that  of  my  own  small 
instrument  in  the  form  of  a  book  (see  figs.  58  and  60),  and  which 
fulfil  nearly  all  the  requirements  of  practice. 

That  of  M.  Gaifife  preserves  the  shape  of  the  small  instrument 
represented  in  fig.  86.  Its  size  being  only  increased  one-fourth, 
it  is  still  very  portable,  and  its  flattened  shape  allows  it  to  be 
carried  under  the  arm  like  a  book.  It  is  not  the  same  with  the 
instruments  of  M.  Ruhmkorff,  or  of  Legendre  and  Morin,  which 
are  contained  in  boxes  that  must  be  carried  by  the  hand.  The 
instrument  of  Euhmkorff  is  twice  the  size  of  that  of  Legendre  and 
Morin.  It  might  be  easily  reduced  by  about  a  third,  if  the  maker 
would  substitute  graduation  by  a  metallic  tube  for  graduation  by 
the  mutual  influence  of  the  coils.  The  former  has,  over  the  latter, 
advantages  which  have  induced  me  to  give  the  preference  to  it 
(see  p.  253 ).  The  modification  which  I  propose  would  simplify 
the  construction  of  Ruhmkorfif's  apparatus,  and  would  conse- 
quently diminish  its  size  and  its  price. 

These  instruments  of  medium  power  are  far  from  attaining  the 
force  of  my  large  volta-faradic  apparatus  (see  figs.  52  and  56), 
which  has  rendered  me  such  services  in  cases  in  which  the  former 
would  have  been  insufficient  or  powerless,  and  which,  notwith- 
standing its  greater  size  and  greater  weight,  is  still  portable.  It 
usually  serves  me  for  my  own  chamber  apparatus,  and  it  is  worked 
by  a  fraction  of  my  sulphate  of  lead  battery. 

I  would  advise  manufacturers  to  take  it  as  their  model,  1.  as 
regards  its  power,  which  could  not  be  exceeded,  I  believe,  without 
danger  to  patients ;  2.  as  regards  its  graduation  by  internal  and 
external  metallic  tubes ;  and,  lastly,  as  regards  its  commutator  of 
the  coils,  and  of  the  poles.  They  should  not  forget  to  attach  to  it 
a  water  moderator  (F,  fig.  52),  which  converts,  at  pleasure,  this 
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powerful  apparatus  into  one  that  is  more  or  less  weak,  in  such  a 
manner  tbat,  reduced  to  its  minimum,  its  graduating  tubes  will 
measure  its  weakest  doses  as  exactly  as  its  most  powerful  ones. 

[Stohrer's  indtiction  apparatus. — Probably  the  greatest  obstacle  to  the  use 
of  induced  electricity  as  a  therapeutical  agent  in  England,  has  been  the  want  of 
an  efficient  portable  induction  apparatus,  in  which  the  trouble  commonly 
connected  with  the  regulation  of  the  voltaic  elements  shall  have  been  reduced 
to  the  smallest  point,  which  should  be  at  all  times  immediately  available  for 
use,  and  wliich  should  not  prove  too  costly.  This  obstacle  has  been  most 
successfully  overcome  by  Emil  Stohi'er,  Ph.D.,  of  Dresden.  He  has  con- 
structed an  induction  apparatus,  that  fully  meets  the  requirements  of  daily 
practice.  The  peculiarity  of  this  apparatus  consists  iu  the  arrangement  of 
the  zinco-carbon  cell,  already  described  (p.  57,  fig.  15).  The  simple  mechan- 
ism by  which  the  elements  can  at  once  be  immersed,  or  removed  from  the 
exciting  liquid,  and  the  length  of  period  over  which,  with  ordinary  care, 
these  elements  retain  their  activity — without  need  for  re-amalgamation  of 
the  zinc,  or  removal  of  the  acids  (not  less,  indeed,  than  from  six  to  eight 
weeks) ;  these  are  invaluable  advantages  in  active  practice.  They  render 
the  use  of  induced  electricity,  for  all  purposes  of  diagnosis  or  treatment  to 
which  it  may  be  applied,  as  facile  as  the  test  of  a  speculum,  an  ophthalmo- 
scope, or  a  laryngoscope.  The  readiness  with  which  this  induction  apparatus 
can  be  placed  in  action,  makes  it  highly  desirable  that  one  should  be  kept 
at  hand  in  all  hospital  operation  rooms,  and,  indeed,  in  all  institutions  where 
chlorol'orm  is  used ;  for  it  affords  an  instant  and  most  valuable  means  of 
exciting  artificial  respiration  in  asphyxia,  by  faradization  of  the  phrenic 
nerves. 

Stohrer  constructs  a  smaller  (fig.  91)  and  a  larger  (fig.  92)  induction  appar- 


Fig.  01. — Stohrer's  smaller  induction  apparatus. 


Fig.  92. — Stiihrer's  larger  induction  apparatus. 


atus.  The  battery  of  the  former  is  constituted  by  a  single  cell ;  of  the  latter 
by  two  cells,  which  may,  however,  be  arranged  either  as  two  pairs,  or  as  a 
single  pair  of  elements.  Both  possess  a  primary  and  a  secondary  coil,  the 
currents  of  each  of  which  can  be  made  use  of  separately;  and,  in  both, 
the  currents  have  a  definite  direction,  positive  electricity  being  set  free  at  one 
terminal,  and  negative  at  the  other,  of  each  of  the  coils.  The  terminal  from 
which  the  positive  current  proceeds  may  be  ascertained  easily  by  the  decom- 
position of  iodide  of  potassium.  The  larger  apparatus  differs  from  the  smaller, 
in  having  a  much  greater  range  of  power,  more  thorough  means  of  graduating 
the  currents,  and  a  more  elaborate  arrangement  of  the  interrui^ting  hammer. 
With  practice,  however,  the  force  and  rate  of  interruption  of  the  smaller 
apparatus  may  be  regulated  with  much  nicety.  To  neither  instrument  is  a 
water-gi'aduator  attached ;  but,  if  needed  for  any  special  nicety  of  application, 
one  can  readily  be  added,  and  it  would  be  best  carried  loose  in  the  drawer  for 
accessories,  to  be  attached  only  when  requii'ed.  Gradiiation  of  the  strength 
of  the  currents  is  effected  by  the  degree  of  immersion  of  the  voltaic  elements 
in  the  exciting  acid,  and  by  the  arrangement  of  the  coils.  The  primary  coil 
is  fixed  upon  a  pedestal ;  the  secondary  is  movable,  and  is  broxight  into  or 
placed  out  of  action  by  being  lifted  over  or  thrust  away  fi'om  the  primary  coil. 
The  degree  of  action  in  the  secondary  coil  is  proportionate  to  the  extent  to 
which  it  is  brought  under  the  influence  of  the  primary  coil.  The  action  of  the 
primary  coil  is  regulated  in  the  smaller  instrument  by  the  degi'ee  of  immersion 
of  the  voltaic  elements,  and  by  the  extent  to  which  the  coil  is  masked  by  the 
secondary  coil, — the  latter  coil  acting  upon  it,  when  the  primary  coil  is  alone  in 
use,  as  a  metallic  sheath  would  do.  In  the  larger  apparatus,  a  special  copper 
sheath  is  provided  for  the  graduation  of  the  current  of  the  primary  coil.  It 
is  to  be  regi-etted  that  a  similar  arrangement  has  not  been  adopted  in  the 
smaller  apparatus. 
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Althougli,  of  all  induction  instruments  for  daily  use,  Stohrer's  involves  the 
least  difficulty  and  care,  still,  to  the  perfection  of  its  use,  as  of  all  delicate 
instruments,  care  is  necessary.  It  is  especially  important  that  the  zinc 
should  be  thoroughly  amalgamated,  and  too  great  pains  cannot  be  given  to 
seciire  this  end.  It  is  necessary  also  that  all  the  points  of  connection  should 
be  kept  thoroughly  clean,  and  aU  the  accessories  in  good  order.  The  zinc 
should  be  amalgamated  whenever,  in  use,  effervescence  of  the  acid  is  per- 
ceived. 

Duchenne's  large  volta-faradic  apparatus  is  imquestionably  the  most  per- 
fect for  medical  purposes ;  Stohrer's  apparatus  is  the  best  adapted  •  )r  the 
ordinary  exigencies  of  active  practice. — H.  T.] 
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